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SUMMARY 

This r epor t  documents a computer program designed t o  ca l cu la t e  the flyback 

and recovery f l i g h t  of a l i f t i n g  boos te r  veh ic l e  a f t e r  i t s  ascent  mission i s  

completed. Upon booster  s tag ing ,  t h e  flyback sequence is initiated, and 

the  vehic le  descends, tu rns ,  dece lera tes ,  c ru i se s ,  and g l ides  down t o  landing 

a t  t h e  des i red  base. Range, azimuth, f u e l  u t i l i z a t i o n ,  l a t i t u d e ,  and l m g i t u d e  

da t a  throughout the  whole mission are included. This program is w r i t t e n  in 

FORTRAN I1 language and is s u i t a b l e  f o r  t h e  SDS 930 o r  CDC 3200 computer, and 

could be adapted t o  l a r g e r  computers with l i t t l e  d i f f i c u l t y .  
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NOMENCLATURE 

Defin i t ion  Function Unit F e rt ran 
Symbo 1 

Symbol 

zero 1 if  t drag c o e f f i c i e n t  fm)  . C Dt’ C 

t a b l e  values of C C DL’TAB 
Do 

CDOTAB 

drag coe f f i c i en t  CDD 
cD 

c e n t r i p e t a l  force f t  l b  CF 

CL c o e f f i c i e n t  of l i f t  cL 

zero angle-of-attack l i f t  
c o e f f i c i e n t  cL 0 

CLOTAB t a b l e  values of C 
LO 

TERM Breguet convergence re rm 

f i r s t  der iva t ive  o f  CL with CY f(M) CL 1 

CL 1 TAB t ab le  values of C CL 1 TAB 

second der iva t ive  of CLWith  CY f(M) CL2 

CL2 TAB CL2TAB t a b l e  values of c 

l b  DRAG drag D 

DELD DEL D convergence parameter 

f t  l b  E 

v i  
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NOMENCLATURE (cont i  nued) 
Symbol Defin i t ion  Func t ion Unit F o r t  ran 

Symbol 

DEDH 

F 

GRAV 

XGO 

,a 

change i n  energy with 
a l t i t u d e  

%PL f t  lb/ft 

f i r s t  increment i n  CONVERG 

f t / s e c 2  

2 f t / s e c  

acce lera t ion  due t o  g rav i ty  

standard acce le ra t ion  due to  
g rav i ty  a t  sea l eve l  SPL 

GH 

GT 

GR 

f e l t  acce le ra t ion  normal t o  
f 1 igh t  path g r a  

f e l t  acce le ra t ion  tangent ia l  
t o  f l i g h t  path,  

t o t a l  ( r e su l t an t )  f e l t  
acce le rat ion 

GR max 
SPL maximum allowed GR 

GV v e r t i c a l  ( t o  e a r t h f s  
surf  ace) f e l t  acce le ra t ion  

GV max 

h 

V maximum G 

a l t i t u d e  of vehic le  under study 

Ah change i n  a l t i t u d e  during 
in t eg  r a t  ion E t  ADELT 

f t  AM in t eg ra t ion  component f o r  h hk 

* SFL means singZe point lookup 

v i i  
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Symbol Def in i t i on  Function Uni t s  For t ran  

symbo 1 
* 
h rate of change of a l t i t u d e  f t / s e c  

average a l t i t u d e  during g l i d e  f t  A L E  hFG 

f lyback cruise a l t i t u d e  h~~ SPL * 

increment of  a l t i t u d e  above 
hFB t h a t  t h e  vehic le  s tar ts  

t r a n s i t i o n  t o  

 ah^^ 
SPL hFB 

to l e rance  on hFB SPL  ah^^^ 

h* a1 t i tude  a t  s tag ing  SPL 

IALIP 

ICK 

'DE 

IGM 

IGLD 

KASE 

kl 

k20 

k21 

N-R increment computed i n  
equat ion 90 

type of ang 1 e - o E - a t tack 
con t ro l  

con t ro l  i n d i c a t o r  

number of i n t eg ra t ions  f o r  
Condition D - E 

SPL 

Ind ica to r  
has  been exceeded, = % l a x  

ct being con t ro l l ed  by %,, 
0 = some o t h e r  ct con t ro l  

g l i d e  opt ion  ind ica to r  SPL 

condi t ion  i n d i c a t o r  

induced drag e f f i c i ency  
f a c t o r  

t h r o t t l e  va r i ab le  

t h r u s t  va r i ab le  

v i i i  

SPL 

SPL 

f t  ALTB 

f t  

f t  

- f.t 

DHFB 

ATOL 

ALTS 

DEL 

IALP 

ICK 

I G M  

IGLD 

W E  

CK1 

C K 2 0  

CK2 1 
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Symbo 1 

k22 

k23 

k2 4 

LOG 

L 

L/D 

(L/ D) max 

M 

MFB 

A M~~ 

XMACHT 

iii 

NRK 

n 

NTABl 

NOMENCLATURE (continued) 
Def in i t i on  Func ti  on Uni t s  Fo r t r an  

symbol 

C var i ab le  
DO 

C v a r i a b l e  L 

SPL CK22 

SPL . CK2 3 

drag due t o  l i f t  va r i ab le  CK24 

con t ro l  method 
0 = a c o n t r o l  

-1 = a l t i t u d e  con t ro l  
+1 = Mach con t ro l  

l i f t  

l i f t / d r a g  ra t io  

maximum L/D 

Mach number 

f lyback c r u i s e  Mach number SPL 

SPL MFB t o l e rance  on 

Mach values  i n  Mach t a b l e  

mass 

i n t e g r a t i o n  s t e p  i n d i c a t o r  

number of engines SPL 

number o f  po in t s  i n  Mach t a b l e  SPL 

. lb XLIFT 

DL 

XMACH 

XMB 

X TOL 

XMACHT 

s 1 ugs XM 

NRK 

XN 

NTAB1 
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Symbo 1 

PRNT 

CI 

QFG 

r 

R 

Rf: 

. 
R 

A R  

Re 

RADIAN 

Rk 

%B 

%G 

S 

sos 

Def in i t ion  

t i m e  f o r  next p r i n t o u t  

dynamic pressure  

average dynamic pressure  
during g l i d e  

rad ius  of vehic le  f l i g h t  path 

range of veh ic l e  under study 

range a t  s tag ing  

rate of change of  range 

change i n  range during 
i n t e g r a t i o n  

radius  of the  e a r t h  

conversion from degrees t o  
radians 

in t eg ra t ion  component of range 

f lyback c r u i s e  range 

g l i d e  range 

reference area 

speed of sound 

Function Uni t s  

sec 

l b / f t 2  

1 b/ f t2 

f t  

n.mi. 

SPL - . - . _- n,mi. 

n.mi./sec 

SPL 

SPL 

SPL 

f (11) 

n.mi. 

f t  

o/ RAD 

f t  

n.mi. 

n.mi. 

f t 2  

f t / s e c  

For t ran  
Symbo 1 

PRNT 

QATM 

RFP 

RANGE 

RANGS 

RDOT 

RDELT 

RE 

RADIAN 

Fa 

RFB 

RFG 

AREA 

s 17s 

X 
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NOMENCLATURE (continued) 

Symb't 1 

SFC 

( A , B ,  
a t  

T 

At 
P 

tD 

Te 

A t  

t~~ 

t~~ 

V 

V?'; 

. 
V 

AV 

V I  

etc) 

Def in i t i on  

s p e c i f i c  f u e l  consumption 

d e l t a  t i m e  a t  po in t  ( A , B , e t c )  

t h  rus t 

p r i n t  i n t e  m a l  

time at po in t  D 

eng ine  t h r u s t  

i n t eg ra t ion  i n t e r v a l  

t i m e  i n  f lyback c r u i s e  

t i m e  i n  g l i d e  

Function Uni t s  For t  ran 

v e l o c i t y  of veh ic l e  under s tudy 

ve loc i ty  a t  s tag ing  s PL 

i n t e g r a t i o n  component of V 

r a t e  of change of ve loc i ty  

change i n  ve loc i ty  during 
i n t e g r a t i o n  

ve loc i ty  perpendicular  t o  
f l i g h t  pa th  radius  

Symbol 

f u e l / l b  thrust J h r  SFC 

sec 

I b  

s ec 

sec 

l b  

sec 

sec  

see 

f t / s e c  

f t / s e c  

f t / s e c  

2 
f t/sec 

f t/sec 

f t / s e c  

T(A,B,e 

THR 

DTP 

TIMD 

TE 

DELT 

TB 

TFG 

VEL 

VELS 

w. 

VDELT 
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Symbol Def in i t ion  Func ti  on Uni t s  

f t j s e c  

f t j s e c  

l b  

l b  

lb 

For t ran  
Symbol 

v e l o c i t y  i n  f lyback c r u i s e  'FB 

'FG 

W 

average ve loc i ty  i n  g l i d e  

weight of veh ic l e  under s tudy WHT 

W* weight a t  s tag ing  

'FB weight a t  s t a r t  of  f lyback 
cruise 

weight a t  end af f lyback 
cruise 

l b  

. 
W r a t e  of change of weight l b / sec  

l b  

l b  

deg 

deg/see 

deg 

wEM empty weight SPL 

SPL 

WEMP 

"FG g l i d e  condi t ion  weight 

z z azimuth of veh ic l e  under s tudy 

. 
z rate of change of azimuth 

change of azimuth during 
i n t e g r a t i o n  

ZDELT 

ZDD 

ZBZD 

rate of change of azimuth 
a t  po in t  D 

SPL 

commanded change i n  azimuth i n  
Condition D - E during in t e -  
g r a t i o n  i n t e r v a l  

x i i  
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NOMENCLATURE (continued) 

Symbol Def in i t i on  Func t ion  Uni t s  

deg/sec 

deg/ sec  

F o r t  ran 
Symbol 

DOTR 

DEL2 

DZ R 

ZRTL 

ZL 

ZLP 

ZB 

ZAVG 

T.J 

e e 

commanded Z during Condition D-E zR 

AZ d i f f e reqce  i n  commanded and 
ac tua l  Z 

* 
required 2 t o  po in t  D 

to le rance  on ZR 
8 

Z 
RTOL 

zL 1 aunch az imu t h  SPL 

modified launch azimuth 

f lyback cruise azimuth ZFB 

ZAVG average azimuth 

'k i n t e g r a t i o n  component f o r  Z 

s t ag ing  azimuth SPL 

ALPH 

ADD 

ATRN 

ATR 

angle- of- a t  t ac k a 

Aa increment of a for (L/D)max 
cakcul at  ion 

SPL 

f (MI maximum allowable a o r  
IALP = 1 alpha 

a max 

input  a t a b l e  max CL 
t u r n  

average angle -of -at tack during 
g l i d e  FG a ALPHG 
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NOMENCLATURE (continued) 

Symbol Def in i t i on  

modified Z* 

Function Uni t s  Fo rt ran 
Symbol 

8* deg BETS 

f3 i n t e r n a l  average azimuth deg BETA 

modified ZkB (See Figure 2-41 mi 

modified ZFB (See Figure 2-4 )  

f l i g h t  path angle GAM 

GL- 

Y 

i n t e g r a t i o n  component f o r  y 'k 

s tag ing  f l i g h t  pa th  angle SPL 

0 

Y r a t e  of change of y 

f l i g h t  pa th  angle a t  Point  A SPL 
yA 

f l i g h t  path angle during 
condi t ion  C - D SPL yC deg . GAMC 

r a t e  of change of y, deg/sec DOTC 
yC 

deg GAM0 yco a t  s t a r t  of commanded change 
y C  

deg GCTL 
C 

AY to le rance  on di f fe rence  in  y SPL 
and Y ,  

PY; 
Y 

x 

average g l i d e  f l i g h t  path angle deg GFG 

1 ong i tu  de deg XLON 
< 

xiv 
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Defin i t ion  Function Uni t s  Fo rt ran 
Symbo 1 

Symbo 1 

A X  
B 

AA 
FB 

d i f f e rence  i n  X and XFB deg DLOB 

change i n  f lyback cruise longi-  
tude during i n t e g r a t i o n  

AX change i n  longi tude during 
i n t e g r a t i o n  

DLON 

X 
L 

longi tude  of launch po in t  SPL 

XLOB X 
H longi tude  a t  home base 'SPL 

longi tude  a t  s tag ing  A *  

f lyback c r u i s e  longi tude deg 

s l u g / f t  

s l u g / f t  

deg 

3 

3 

'FB 

RHO 

KHOG 

S IG 

DS IG 

S IGS 

S IGB 

PHI 

atmospheric densi ty  P 

average p during g l i d e  FG 

(I range angle 

AQ i n t e g r a t i o n  i n t e r v a l  of Q 

s t a g i n g  range angle  

f lyback cruise range angle  (J 
FB 

4 

. 
(P 

r o l l  angle 

r a t e  of change of r o l l  angle deg/ sec 
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Symbo 1 Defin i t ion  Function Uni t s  For t ran  
Symbol 

a 

4 i n  condi t ion  A - B SPL deg/ sec "A DPB 

4 i n  condi t ion  B - C s PL deg PB 

i n i t i a l  t r i a l  value of 4 SPL deg POA 

I a t  i t u  de deg XLAT * 
l a t i t u d e  change during 
Jnteg r a t i  on DLAT 

*L 

J, 9; 

J, FB 

* H  

FB 

launch l a t i t u d e  

s tag ing  l a t i t u d e  

f lyback c r u i s e  l a t i t u d e  change 

l a t i t u d e  a t  home base SPL XLAB 

DLAB change i n  f lyback c r u i s e  
l a t i t u d e  during in t eg ra t ion  

* '  complementary angle of $ DL 

f 

* H  complementary angle of \ 

IEGT IEND } 
Ind ica to r s  used f o r  d i f f e r e n t  
convergences using CONVERG where, 
i n  program, 0 = i n i t i a l  o r  O.K. value,  
1 = e r r o r  o r  f a i l u r e  t o  converge. 
Corresponds t o  I E N D  i n  ca l l  parameters 

Same a s  Symbol 
f o r  t h e  remaining 
nomenclature. 



TR-793-8-302 
NORTRONMS - HUIYlSVJLLE 

NOMENCLATURE (continued) 

Symbol 

- 
MAC 

M 

IEGC - 

MND3 

lND3 

IGM 

IGT 

IGC 

- 
ALPH2 

a P H 1  

c2 

2’1 

A 2  

A1 

DELD2 - 

Defin i t ion  Function Units  Fo rt ran 
Symbo 1 

Indica tors  used f o r  d i f f e r e n t  
convergences using CONVERG where, 

value. 1 = error  o r  f a i l u r e  t o  
converge. Corresponds t o  IEND 
i n  c a l l  parameters 

I i n  program, 0 = i n i t i a l  and O.K. 

Step i n  convergence scheme used f o r  
d i f f e r e n t  c a l l s  t o  CONVERG during 
one in t eg ra t ion  in te rva l .  
Corresponds t o  IND3 i n  c a l l  
parame t e rs 

1 

These a re  s to red  values from 
the f i r s t  two c a l l s  t o  rout ine 
CONVERG f o r  each of the  d i f f e r e n t  
convergences ~tecded. NGC all 
these a r e  being used a t  any one 
t i m e  . 

> 
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NOMENCLATURE (continued) 

Symbo 1 Definition Function Units 

DEL D1 

DG2 

DG1 

DT2 

DT1 

DM2 

DM1 

X 

Y 

E 

B 

D 

SQ 

ROOT1 

ROOT2 

to routine C O N V E X  f o r  
each of the different 
convergences needed. 
Not a l l  these are being 
used a t  any one time. 

These and similar notations 
are interim values in 
solutions to equations or 
Storage of  temporarily 
needed information 

F o r t  ran 
Symbo 1 

xviii 
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NOMENCLATURE (continued) 

Symbol 

GAMT2 

GAMTl 

DGM2 

DGMl 

* 

L 

R 

A, B, e tc .  

max 

FB 

FG 

Def ini  t ion Function Uni t s  Fo rt ran 
Symbol 

These and s i m i l a r  no ta t ions  
are i n t e r im  values i n  
so lu t ions  t o  equat ions o r  
s to rage  of temporar i ly  
needed information 

1 

Subscr ip ts  and Superscr ip ts  

Staging 

1 aunch 

re qui  red 

ind ica t e  Condition o r  Point  during c r u i s e  

maximum 

a t  s t a r t  of i n t e g r a t i o n  

a t  end of i n t e g r a t i o n  

home base 

f lyback c r u i s e  condi t ion  

g l i d e  condi t ion  

xix 
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NOMENCLATURE (concl uded) 

Symbol Definition 

AVG average 

k int eg ration component 

Function Units Fortran 
S ymb o 1 

I, perpendicular 
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Section I 

INTRODUCTION 

The s tudy of advanced launch vehic les  necessitates broad research i n t o  

many areas  of vehic le  technology. One of the  problems of ten  encountered is t h e  

quest ion of economical booster  recovery. As a too l  i n  l i f t i n g  booster  recoverv 

s t u d i e s ,  t h i s  program is  designed t o  ca l cu la t e  the f l i g h t  path required t o  

recover a vehic le  a f t e r  i t  has completed i t s  booster  mission. Therefore,  t h e  

program considers  t he  b a s i c  aspects  of going from s tag ing  through maneuvering 

of the  booster  i n t o  a c r u i s e  condition on t h e  cor rec t  azimuth t o  the  des i red  

home base,  and ca lcu la t ing  the  c r u i s e  and glide-to-landing parameters. Maximum 

input  f l e x i b i l i t y  has  been re ta ined  t o  allow a l a rge  number of d ive r se  vehic le  

concepts t o  be s tudied.  

The rou t ine  i s  designed t o  be used i n  conjunction with boost programs t o  

provide a complete eva lua t ion  of recoverable boosters .  

i n  parametric s tud ie s  and he lp  i n  the  evaulat ion of many considerat ions which go 

i n t o  booster  design. Some of the  technica l  area evaluat ions t h a t  might be assis- 

ted include reent ry  energy management, c r u i s e  f u e l  requirements, recovery base 

p o s s i b i l i t i e s ,  minimum c r u i s e  engine s i z ing ,  s t r u c t u r a l  loading i n  en t ry  and 

turning t o  base,  e f f e c t  of recovery requirements on o v e r a l l  booster  s i z ing ,  and 

many o tilers. 

I t  can provide a s s i s t ance  

These are several r a t h e r  unique f ea tu res  i n  t h i s  program. The most i m -  

por tan t  f e a t u r e  is t h e  system of ca l cu la t ing  and turning t o  the c r u i s e  back t o  

base azimuth. Other unique f ea tu res  include the  energy management opt ion,  the 

ver t ical .  load f a c t o r  opt ion,  the method of holding a des i red  f l i g h t  angle  by  r o l l  

con t ro l ,  and others .  T h e s e  f ea tu re s  are explained i n  Sect ion L I Z .  

Tlie w e i g h t  da t a  which is  included i n  the  appendix is der ived p r i m a r i l y  

from Wright A i r  Development Center d a t a  which w a s  co l l ec t ed  and p l o t t e d  by 

Northrop f o r  general  u s e  i n  booster  weight ana lys i s ,  and is included liere f o r  

genera l  i n t e r e s t .  
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Section I I  
THEORY 

2.1 GROUND RULES 

Cer ta in  general  assumptions have been made in  developing t h e  flvback 

rout ine.  The primary ones are l i s t e d  below: 

0 Earth relative motion is used throughout. 

0 A sphe r i ca l  r o t a t i n g  e a r t h  i s  assumed. 

0 The vehic le  range ca lcu la ted  is ground range. 

0 N o  aerodynamic s i d e s l i p  is  considered. 

0 N o  winds are considered. 

0 The ascent  f l i g h t  from which s t ag ing  da ta  is taken is assumed t o  be two-  

0 The f lyback rou t ine  is three-dimensional. 

0 

dimensionai. See note  below. 

The equations developed are modified t o  f a c i l i t a t e  inc lus ion  i n  the  
computer rout ine.  

Other spec ia l ized  assumptions and condi t ions are explained as they are 

encountered i n  t h i s  repor t .  

2.2 STARTING DATA 

The d a t a  required from the  ascent  f l i g h t  t o  s tar t  t h e  flyback rou t ine  are 

d e t a i l e d  i n  Subsection 3 . 4 .  I n  general ,  t h e  following information i s  necessary: 

0 Aerodynamic, propulsion, and weight da t a  f o r  t h e  vehic le .  

0 Control da t a  f o r  t h e  des i red  f l i g h t .  

a Staging condi t ions - 
Staging weight - W* 
Staging ve loc i ty  - V* 
Staging range - R* 

Staging f l i g h t p a t h  angle - y* 

Staging a l t i t u d e  - h* 

NOTE: I f  staging azimuth, latitude, and longitude are known, the launch 
conditions data are not needed and Subsection 2.3 i s  unnecessary 
and should be eliminated as q l u i n e d  i n  Secticn I I I .  
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e Launch Conditions - 
Launch azimuth - ZL 
Launch latitude -$, 

Launch longitude - A L  

2.3 CALCULATION 

It is assumed that the staging position and azimuth are not known. Conse- 
quently, this section explains how the staging data are obtained for use in 
forthcoming calculations. Launch conditions, ascent range, and the assumption 
of two-dimensional ascent flight, serve as the basis  for the computation. 
Figure 2-1 presents a geometrical representation of the method. 

LAUNCH 
#L 

POSIT I O N  
I *  

Figure 2-1. GEOMETRY OF STAGING POSITION 
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The a u x i l i a r y  l a t i t u d e ,  J , ' ,  is l a t i t u d e  measured from the  North Pole 
r a t h e r  than the  normal way from the  equator .  It is  found from 

The range c e n t r a l  angle  a t  s t ag ing ,  a*, is found from 

57.3 R* 

Re 
a* = 

From the  r e l a t i o n s h i p s  of s p h e r i c a l  trigonometry, t h e  change i n  l a t i t u d e ,  

A$, and longi tude,  A A ,  during ascent  may be ca lcu la ted  as follows: 

- .  -1 A$ = COS [cos J, f cos  a* f s i n  $ s i n  Q *  cos Z L I---$ f ' (3) 

s i n  ZL s i n  a* 
a h  = s i n - l l  s i n  (A$ + $ 1 )  

The supplementary angle t o  Z*, @*, may now be ca lcu la ted .  

The s tag ing  azimuth the re fo re  can be found by 

Z* = 180O- e*  

The s t ag ing  l a t i t u d e  is given by 

$* = JI, 2 A$ 

where 

(4) 

( 5 )  

AJI is negat ive when 90" < ZL < 270" 

A$ is p o s i t i v e  when 270" < 3 < 360' 

and 0 < ZL < goo 
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The s tag ing  longitude is given by 

A* = XL f AX 

AX is negative f o r  eas t e rn  launch i n  western hemisphere. 

AX is pos i t i ve  f o r  western launch i n  western hemisphere. 

A X  is pos i t i ve  f o r  eas t e rn  launch i n  eas t e rn  hemisphere, 

AI, is negative f o r  western launch i n  eas t e rn  hemisphere. 

2.4 EQUATIONS OF MOTION 

The equations of motion a r e  derived r e l a t i v e  t o  three  orthogonal axes,  t h e  

acce lera t ion  axes of tangent ia l  ve loc i ty ,  azimuth, and a l t i t u d e .  The axes 

form two planes which i n t e r s e c t  on the tangent ia l  veloci ty .  

i n i t i a l l y  p a r a l l e l  and perpendicular t o  the  ear th!  s surface and r o t a t e  with 

the v e h i c l e f s  f l i g h t  path angle and azimuth. 

v e h i c l e f s  ro l l .  This is genera l ly  c a l l e d  the wind ax is  system. Figure 2-2 

presents  a v e c t o r i a l  representa t ion  of the v e l o c i t i e s  and forces  i n  the wind 

axis  system as used. 

These planes a r e  

They do rtcrtrrotate with the 

The value V is found by summing forces  along the  tangent ia l  acce le ra t ion  

ax i s .  

m(V) = T cos a 

which reduces t o  

- T cosa V =  m 

The equation for the  v e r t i c a l  

m V ( y ) =  T s i n  a 

which may be reduced t o  

m?cos2y s i n  y - D - mg s i n  Y + r 

n n  

D VLcosLy s i n  y - - g sinY + m r 

acce lera t ion  is 

3 mj! cos y (11) cos 4 .. mg cos y + L cos 4 4- 

T s i n  a cos 6 + L 
mV r 

An explanation of the c e n t r i p e t a l  force  term i n  the above equations may 

be i n  order .  The bas ic  formula is 
IUVI 

CF = - 
1: 
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r 

C 

L’v i  \ 
h 

Figure 2-2.  WIND AXIS EARTH RELATIVE COORDINATE SYSTEFI 
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. 
C F , V Y  L 

T r  

Figure 2-2a. VIEW A-A OF WIND A X I S  EARTH 
RELATIVE COORDINATE SYSTEQ! 
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where Vl is t h e  ve loc i ty  perpendicular  t o  t h e  f l i g h t  pa th  radius  about which 

t h e  vehic le  is ro t a t ing .  Since V l  is  

VI = v cos Y 

As can be seen from Figure 2-2, t h e  cen t r i fuga l  fo rce ,  CF, i s  

In? cos2 y CF = r 

The equation f o r  the  t i m e  rate of change of azimuth i s  

mV (Z) = T s i n  a s i n  (p f L s i n  (P 

which reduces t o  

. T s i n  a s i n  4 i- L s in  4 
mV z =  

The above equations use t h r u s t ,  T ,  l i f t ,  L ,  drag,  D ,  m a s s ,  m ,  and g rav i ty ,  g ,  

t o  f i n d  the  des i red  acce lera t ions .  The following equations are used t o  f ind  the  

above values .  

Mach number is  used i n  t a b l e  look-ups of the  aerodynamic parameters. It 

is found from . 
V m = -  sos 

Dynamic pressure  is needed 

coe f f i c i en t s .  It is  found from 

t o  determine aerodynamic fo rces  from aerodynamic 

The aerodynamic l i f t  c o e f f i c i e n t  i s  found from the  equation 

L i f t  is  then found from \ 

L = S q S  
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The drag c o e f f i c i e n t  is  determined from 

C tan ci - 
‘D - k22 ‘Do -t- kl k24 L 

Then drag is  found from 

D = C D q S  

The veh ic l e  m a s s  is given by 

The l o c a l  g r a v i t y  is  ca lcu la ted  from 

where 

r = R e + h  

Other t i m e  rates of change t h a t  are needed are as follows: 

For weight rate of change, 

T 
3600 SFC (27) 

W =  

where the  3600 changes the  value of fi from hours t o  seconds. 

i n  the  nomenclature, is a func t ion  of hours. For  rate of change of a l t i t u d e ,  

SFC, as noted 

h = V s i n  y (28) 

For rate of change of range, . R V cos y 
R =  e 

6076.1 1: 

where the  6076.1 changes R from f t / s e c  t o  n a u t i c a l  miles/sec 

Af te r  a l l  t h e  necessary ra te  of change values  have been found, i t  is  

now poss ib le  t o  sum the  values  pe r  a change i n  t i m e .  The actual values as 

developed below are the  f i n a l  values  t o  which t h i s  e f f o r t  i s  d i r ec t ed .  These 

summation equations are: 

F o r  ve loc i ty ,  

V2 = V1 + V A t  

f o r  f l i g h t  pa th  angle, . 
- f y A t  y 2  - y1 
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f o r  aziniuth, 

f o r  weight, 

f t > r  range, 

z2 = z1 i- z a t  

. 
!J = W -I- \ ? A t  2 1  

R = R 1  4- R A t  2 

and f i n a l l y  f o r  a l t i t u d e .  . 
h2 = hl + h a t  

( 3 4 )  

(35) 

2.5 ACCELERATION EQUATIONS 

The acce le ra t ion  equations are used t o  provide c o n s t r a i n t s  -under c e r t a i n  

con t ro l  conditions and t o  provide loading information throughout the  rout ine .  

Figure 2-3 i l l u s t r a t e s  t he  o r i e n t a t i o n  of t he  acce le ra t ion  vec tors .  The load 

f a c t o r s  are ca lcu la ted  i n  values of the  normal grav i ty  force on t h e  vehic le .  

F igu re  2-3. ACCELERATION FORCES 
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The normal load f a c t o r  is  calculated perpendicular  t o  t h e  v e l o c i t y  vec tor .  

It is  given by 

L sin a + - W 
T GN = - W 

The t angen t i a l  

evaluated from 

load f a c t o r  is measured p a r a l l e l  t o  t h e  ve loc i ty  vec tor .  It is  

T D cos a - - W - -  
GT - (37) 

N 
GR is thus the  t o t a l  load on the  veh ic l e ,  and may be ca lau la ted  from 

The r e s u l t a n t  load f a c t o r ,  GR, i s  the  v e c t o r i a l  summation of t he  values  of G 

and GT. 

- .  
The vertical  load - fac to r ,  Gv, is  the  load f a c t o r  on the 've l i i c l e  ac t ing  normal 

t o  the  l o c a l  hor izonta l .  It is  a s p e c i a l  case, used i n  the  ca l cu la t ions  presented 

i n  Subsection 2.8.3 and is  ca lcu la ted  from 

(39)  GV = G cos Y + GT s i n  Y N .  

2.6 FLYBACK RANGE AND AZIMUTH CALCULATIONS 

The rou t ine  keeps a running ca l cu la t ion  of the  flyback range, RFR, and 

the  flyback azimuth, ZFB. 
a d i r e c t  g rea t  circle d i s t ance  from the  veh ic l e ' s  a c t u a l  pos i t i on  t o  t he  des i red  

base, The ca l cu la t ions  do not  take  i n t o  account t h e  veh ic l e ' s  ac tua l  d i r ec t ion .  

The f a c t  t h a t  the  veh ic l e  must t u r n  t o  t h e  co r rec t  azimuth over a period of t i m e  

i s  not  considered. 

constant ly  changing as the  veh ic l e  maneuvers. The main purpose of these  calcu- 

l a t i o n s  is t o  provide a t a r g e t  azimuth f o r  t h e  t u r n  control .  The ca l cu la t ions  

can a l s o  serve the  i n v e s t i g a t o r  by showing t h e  v a r i a t i o n  i n  range and d i r e c t i o n  

of t h e  base,  and may then allow considerat ion of a l t e r n a t e  modes of f l i g h t ,  

discussed f u r t h e r  i n  later sec t ions .  A d i f f e r e n t  home base may a l s o  be considered 

and evaluated by comparison of f lyback da ta  using d i f f e r e n t  ca l cu la t ions  f o r  

more than one base. The geometry on which t h e  ca l cu la t ions  are based i s  given 

i n  Figure 2-4. 

Note t h a t  t h i s  range and azimuth are ca lcu la ted  on 

It should a l s o  be noted t h a t  Ehe values  of ZFB and RFB are 

From the  geometrical  representa t ion ,  i t  follows t h a t  
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$' = 190" - $ 1  

POSIT ION 
Y X  

- EQUATOR . 

Figure 2-4. GEOMETRY OF FLYBACK CALCULATIONS 

The following equations are used to solve for BFB and B, 

-1 = tan 1 3 ~  + BFB 
2 

( 4 4 )  
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( 4 6 )  = tan = Y  BH BFB 
2 

s i n  

Then from the  above 

Solving f o r  e,, 

2BFB = 2x - n 

and 

8 FB .= x-Y 

The flyback range angle,  0 can now be computed from FB ' 

Solving 

1 
s i n  0 FB s i n  $11 

s i n  
--- 

F B  s i n  6 FB 

s i n  x ~ ,  s i n  

%B = s i n  -1 r s i n  f3FB 4 1 
FB ZFB I= 360" - 

Fina l ly ,  the flyback range is 

( I ) ' \ )  

%B = * FB ( 5 4 )  
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2.7 CHANGE IN POSITION 

As the  rout ine  ca l cu la t e s  the  f l i g h t  pa th ,  it is  necessary t o  keep a 

continuous pos i t i on  f i x .  The instantaneous l a t i t u d e  and longi tude are used 

pr imari ly  t o  determine the  flyback range, bu t  they may very w e l l  have o ther  

uses, such as p l o t t i n g  the  complete f l i g h t  on a s u i t a b l e  map t o  study range 

s a f e t y  problems. 

The method employed to  c a l c u l a t e  t h e  pos i t i on  is presented below. 

Figure 2-5 presents  the  bas i c  geometry of the ca l cu la t ions .  

Ah 

z2  i 

Figure 2-5. GEOMETRY OF POSITION CALCULATION ' 

TIE average azimuth is 
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The average v e r t i c a l  angle  t o  ZAvG, t he  BAVG, is found from the  following 

condi t ions 

When 0 < ZAVG 90° ,  BAE = 90" - ZAW 

- 90" - When 90" C ZAM= < 180" 

When 180" < ZAM; < 270" 

Idhen 270" < ZAM; < 360" 

@A, - 'A% 

= 270" - ZAVG 
= 360"- ZAVG 

@ A X  

@AVG 

The range angular  va r i a t ion ,  Ao , may be c a l c u l a t e d  from 

57.3 A R  Aa = 

Now using BAvG and do, the  change i n  pos i t i on  may be ca lcu la ted  

AVG 

AVT; 

A h  = A u  cos B 

A$ =Ao s i n  13 

The new longi tude i s  known t o  be 

A 2  = A l +  AX 

where 

Ah is negat ive f o r  e a s t e r l y  azimuth i n  western hemisphere 

AX is p c ~ s i t i v e  f o r  wester ly  azimuth i n  w e s t e r n  hemisphere 

A X  is p o s i t i v e  f o r  e a s t e r l y  azimuth i n  e a s t e r n  hemisphere 

A x  is  negat ive f o r  wester ly  azimuth i n  e a s t e r n  hemikphere 

The new l a t i t u d e  is 
9 = I l l  2 A* 2 

where 

A$ is negat ive when 90" < ZAK < 270" 

A9 i s  p o s i t i v e  when 270" < ZAX < 90" 

2.8 ANGLE OF ATTACK CONTROL 

(57) 

(58) 

(59) 

The con t ro l  of t h e  angle-of-at tack during the  turn and descent to cru ise  

condi t ion  i n  t h i s  rou t ine  is bas i c  t o  the  e f f i c i e n c y  of the  flyback f l i g h t  of 
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t h e  vehicle.  Due t o  varying vehic les  and requirements, no one method may be 

considered b e s t  f o r  a l l  condi t ions,  consequently four  opt ions of angle-of- 

a t t a c k  con t ro l  a r e  provided. They are d e t a i l e d  i n  the  following discussions.  

2.8.1 M a x i m u m  l i f t  o r  m a x i m u m  angle-of-attack 

A t a b l c  of angle-of-attack as  a funct ion of Mach number is provided. 

The angle-of-attack may be the  maximum allowed or ,  i f  desired,  i t  may be the 

angle-of-at tack f o r  maximum l i f t  c o e f f i c i e n t  as shown by aerodynamic data.  

is a simple system and w i l l  genera l ly  r e s u l t  in the  s h o r t e s t  f lyback maneuver 

This  

down t o  the  cruise condi t ion.  

2.8.2 Maximum l i f t - d r a g  r a t i o  

The t r a d i t i o n a l  maximum l i f t - d r a g  r a t i o ,  (L/D),=, i s  genera l ly  considered 

a very e f f i c i e n t  f l i g h t  mode. 

is  o f t en  t h e  most e f f i c i e n t  method ava i lab le .  The 01 f o r  (L/D) is found 

from calculat icm of a t a b l e  of L/D as a funct ion of ascending a, as  below 

This mode of  determining angle-of-attack, _ _  _ _  - - a , 

max 

I n  o the r  words, when the  t a b l e  of ascending ff f inds  t h a t  L/D i s  no longer  

g e t  t: ing 1 arge r, then 
\ 

A convergence scheme f inds  the  co r rec t  a fo r  (L/D)max as  explained i n  Sect ion 

111. 

2 . 8 . 3  Maximum Vertical Load Factor  

The angle-of-attack, a, m a v  be cont ro l led  b y  the  maximum ve r t i ca l  load 

f a c t o r ,  Gv,,,. The method f o r  determining Gvm, follows . 
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G is found f rom the  equation V 

Gv = % cos y + GT s in  y 

where 
L 
W % = $ s in  a + - 

an d 
D 

cos a - - W - T 
% -w‘ 

To simplify a very complex problem, i t  is assumed T = 0.  Then GV is  

L D G = - cos y - - s i n  y v w  W 

The terms of  the GV equat ion are 

where 

No mal l y  

- 0  
cL 2 - 

c( 

and is  so  assumed here. The term D/W is found from 

with 

Lett ing 

(67 1 

k23 
W 

2-16 



TR-793-8-302 
NORTRONICS - HUNTSVILLE 

Then t h e  G equation becomes v 
kz2 CDo s i n  y is 

cos y is + CL a cos y is - - 
a k23 Gv - CL0 

a t a n  a s i n  y X t a n  a s i n  y is - k k - kl k24 'Lo 1 24 'La 

Now the  equat ion can be s impl i f ied  by the  following s u b s t i t u t i o n s :  

cos y 

B = Z CL COS y 
a 

2 kZ2  CDo s i n  y 
c = -  

K23  

D = - B k  k C s i n y  1 24 Lo 

Now the  above grouping r e s u l t s  i n  t h e  equation f o r  GVbecoming 

= A + B a + C + D t a n a + E a t a n  a GV 
Taking the  p a r t i a l  d i f f e r e n t i a l  of Gv with respec t  t o  a y ie lds  

-- "V 2 2 
= E + I )  sec a + E  t a n a + E a  sec a = O  

aa 

Now the  p a r t i a l  can be set equal t o  zero t o  determine t h e  extreniums t h a t  

e x i s t .  Then the  maximum is chosen i f  i t  e x i s t s .  

T h e  equation can be f u r t h e r  reduced by s u b s t i t u t i n g  

and 

The p a r t i a l  now becomes 

sin (x 
cos a tan a - - 

2 1 
2 sec a =  

cos a 

( 7 2 )  

(73) 

( 7 4 )  

(77)  

( 8  1) 
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The equation can now be  mul t ip l i ed  by 

E a  + E s i n a  cosa 3- 

assuming a # 90°. Then knowing t h a t  

s i n  2 CL 

2 
The equat ion f u r t h e r  reduces t o  

2 B cos a + D  -t 

Now since 

Then 

L e t  

cos2 a which y i e l d s  

2 D + B cos a =: 0 

2 1 + cos 2a 
2 

cos a = 

s i n a  cosu 

E sin 2a- 
+ E.,, = 0 2 

B B  E - + - cos 2a + - s i n  201 + Ea+ D = 0 2 2  2 

G = B/2 

F = E/2 

13 = 2a 

The f i n a l  form of the  equat ion i s  then 

G + G cos 13 + F s i n  B + F (3 + 1) = 0 

This equat ion can now be solved by the  Newton-Raphson approximation 

using t h e  f i r s t  der iva t ive  with respect  t o  B. 

For f ( B )  = G cos B + F s i n  f.3 + Fa + (D + G )  =- 0.0 

f ' ( B )  = - G sin13 + F cos 13 + F = 0.0 
by t h e  N-R formula 

The ca lcu la t ion  of is then repeated u n t i l  h < .lo. Experience has  
N 

shown t h i s  is s u f f i c i e n t  convergence. Then s i n c e  

a = B/2 

the  value of a f o r  G is solved. 
Vmax 
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2.8.4 Ene rpy Management 
A l l  systems of angle-of-attack con t ro l  are, i n  a sense, con t ro l l i ng  the  

vehic le ’s  energy. This energy management system approaches the  problem d i r e c t l y  

i n  t h a t  t h e  angle-of-attack is chosen s o  t h a t  the  k i n e t i c  and p o t e n t i a l  energy 

i:q d t s s lpn ted  a t  a predetermined cont ro l led  rate. The vehic le  w i l l  then a r r i v e  

a t  t h e  c r u l s e  condi t ion necessary t o  in su re  required f l i g h t p a t h  angle ,  v e l o c i t y  

and a l t i t u d e .  Since experience has shown t h a t  is  o f t e n  impossible t o  curve 

smoothly i n t o  t h e  c r u i s e  condi t ion,  t h r u s t  is  included f o r  use as necessary.  

Since the  use of t h r u s t  changes the  vehic le  mass, m a s s  must then b e  considered 

a va r i ab le  with t i m e .  It is  assumed t h a t  y # 0 during the  f l i g h t .  

de r iva t ion  a l s o  assumes V and y ,  t he  ve loc i ty  and f l i g h t p a t h  angle (when not  

subscr ipted)  are average values  through t h e  i n t e g r a t i o n  period. The c l a s s i c  

equat ion f o r  energy i s  

The following 

E = mgh + 0.5 mV 2 

The change i n  energy with t i m e  i s  

2 
dh dm dV dm V + gh - + mV - + 0.5 - - dE 

d t  d t  d t  d t  2 
mg - =  

The change i n  a l t i t u d e  wi th  t i m e  i s  

V s i n y  dh - =  
d t  

The change of mass with t i m e  is  . 

The change i n  ve loc i ty  with t i m e  i s  

mg s i n y  3. k T-D 
- =  dV 21 

m d t  

(93) 

(94)  

(97) 

Subs t i t u t ing  the t i m e  rate of change values  i n t o  t h e  energv de r iva t ive  equat ion 

y i e lds  

* = mg v sinY + @ + mv( mg s i n y  + k 
m d t  g 

Co l lec  t ing  terms 

- =  i v2 dE 2 m g V  s i n Y +  h i  + k  TV - D V + -  
d t  21 2g (99) 

The rate of change of energy with t i m e  is  not ,  however, the purpose. 

purpose here  is t o  con t ro l  t h e  change of energy during the  change of a l t i t u d e .  

The 
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Therefore,  t o  f i n d  dE/dh the  following s u b s t i t u t i o n  is  made. 

- = -  dE dE d t  
dh d t  dh 

d t  - 1 
dh V s i n  y 
- -  

dE 
dE d t  
dh V s i n  Y 

- 
- =  

Subs t i t u t ing  , 

2g V s i n  y + DV 
V s i n  y 

- dJ2 hW 
dh 
- =  v s i n  y + v s i n  y mg + 

Multiplying through by s i n  Y 

dE hW wv - sinY = 2 mg s i n  Y +  - + k21 T - D + - dh v a3 

To so lve  for y ,  t h e  equat ion becomes 

wv + k21 T - D + - hW if - 2 mg) siny = - V 
2g 

. 
hW 

V 
-1 Y = s i .  

The above equation may be solved f o r y .  

The values  used for a and y are now compared wi th  t h e  values  o €  the i n t e -  

g ra t ion .  If they are not  wi th in  to le rance ,  a is ra i sed  t o  raise y o r  vise-versa 

and the  whole system followed u n t i l  a l l  to le rances  are m e t .  I f  t h rus t  is used, 

the t h r u s t  va r i ab le ,  k21, may b e  adjusted t o  provide the necessarv thrust t o  

s a t i s f y  t h e  equations.  

2- 20 
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C B 

D 

Z" 

Figure 2-6. ROLL CONTROL C O N D I T I O N S  

2.9 ROLL CONTROL 

The previous angle-of-attack cont ro ls  serve t o  b r ing  the  veh ic l e  t o  the  

des i red  c r u i s e  a l t i t u d e  and ve loc i ty .  The r o l l  c o n t r o l  i s  used t o  br ing  the  

veh ic l e  t o  the  des i red  azimuth. The veh ic l e ,  upon s t ag ing ,  may be headed f a r  

from t h e  d i r e c t i o n  of the des i r ed  landing base.  Consequently, i t  is  necessary 

t o  properly d i r e c t  the veh ic l e  back t o  the  base.  

following sequence of r o l l  con t ro l s .  Figure 2-6 i l l u s t r a t e s  the sequence of 

r o l l  con t ro l  condi t ions.  

This is  done through t h e  

2.9.1 Condition 0 - A 

A given r o l l  angle,  Ip is h e l d  u n t i l  
0' 

< 
Y = Y* ( 1 0 7 )  

where y is a given value. $ais genera l ly  180 degrees .  The  purpqse tiere is 

t o  g e t  t h e  v e h i c l e  headed down and well wi th in  the  aerodynamic control  range. 
A 

2 .9 .2  Condition A - B 

A i is provided and h e l d  u n t i l  

4 - g g  (108) 

where q, is tlie given r o l l  angle  for the  next condi t ion .  + i s  v a r i c d  b y  
15 
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(109) 0, = - i, A t  

2.9.3 Condition B - C 
The previously mentioned is h e l d  u n t i l  

< 
Y =  Yc 

where y is the  given des i red  f l i g h t  path angle f o r  t he  next condi t ion.  C 

2.9.4 Condition C - D 

Bas ica l ly ,  condi t ion  C - D des i r e s  t o  ho ld  y by varying 9 u n t i l  t h e  C 
a l t i t u d e ,  h, reaches f lyback a l t i t u d e ,  hFB. 

a l t e r  t h e  idea l .  

poss ib le  for the  vehic le  t o  follow. 

s o  t h a t  t h e  vehic le  curves smoothly i n t o  Modifications have t o  be made 

t o  account f o r  these  condi t ions.  

However, two f a c t o r s  tend t o  

F i r s t ,  the  commanded f l i g h t  pa th  angle,y c ,  may not  be 

Second, t h e  Y must-be modified C _. - 

The condi t ion  is  con t ro l l ed  by a v a r i a t i o n  of the basic  Y equation. 

F i r s t ,  two s u b s t i t u t i o n s  a re  made as follows: 

Y = Yc 

Y = Yc 

Theref ore, 

v cos 3 Y 

r cos Yc i- ' 
m V  ) -  V 

T s i n  a cos 4 4- L cos 4 
Yc = ( 

Solving f o r  , 

or 

y c m 3 cos3 

rc - r m V ;c + mg cos 
cos + = T s i n  a +  L 
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and r 1 3 m v 2  cos yc 
- . I mv;, I- mg cos yn - I I 

4, = cos 
- L 1 ‘L b 

-l I 
L T s i n  a I- Td 1 

I n i t i a l l y ,  ;c 0 and equation 116 is  solved f o r  t he  angle of r o l l  which 

w i l l .  maintain the des i red  Y 

alpha cont ro l .  However, i f  t he  term computed as 

wi th  the  given angle-of-attack from the appl icable  C 

/ c o s  Cpl > 1 then Cp = 0 by command. 

Then, yc is allowed t o  vary when it cannot be held. When 

(115) < 
l cos  $ I =  1 

the  f i r s t  equat ion again appl ies .  The y t h a t  t he  veh ic l e  has reached becomes 

This way a wrong yc assumption is automatical ly  cor ree tcd-by  the  routine.  Yc 

A 11 il scl1emc 

Figure 2-7 
FU’ FU’ When the vehic le  approaclies witliin a given d i s t ance  01 I r  

t o  smoothly curve the f l i g h t  path t o  zero a t  hFB is , i n i t i a t e d .  

p resents  the  gecimet ry. 

hFB + nh FB 

h 

FB 
y c 0 

- - . --I. _ -  --- __ 

Figure 2-7. GEOMETRY OF FLYBACK ALTITUDE INTERCEPT 
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yco = Yc (119) 

is t he  y a t  t h e  s ta r t  of t he  time s t e p  and yc2 becomes yC1 

-- - 'Go (h - hFB) 'G2 AhpB 

with qc being 

- - 'c2 - y c l  
f C  A t  

This forces  yc t o  smoothly curve t o  zero when 

hFR = h 

thus br inging the  veh ic l e  t o  the  f l i g h t  path angle  f o r  c ru i se .  

2.9.5 Condition D - E 

This condi t ion brings t h e  vehic le  from i t s  turn ing  s t a t c  t o  t h c  

flyback azimuth, ZFB. Point  D is reached when 

AZ is  a given value.  

azimuth, i s  cont ro l led  by the  scheme developed below. 

the method of ;ZFB i n t e r c e p t .  

From t h i s  po in t  ZR, the  required rate of change o f  
R 

Figure 2-8 i l l u s t r a t e s  

2-24 



Z must go from i t s  i n i t i a l  value a t  Poin t  D t o  zero a t  Point  E. Also R 
AZ must equal  zero a t  Point  E. To do so, 

A Z ~  = J zR 
tD 

Therefore the  area of the  t r i a n g l e  is 

- tD-E 
2 AZR - 

and 2 AZR 
- -  - 

tn-E 
ZR . 

ZR i s  then computed from Poin ts  D t o  E from 

- - ZD (t - tn) 

t ~ - ~  i R = 'D 

o r  e l iminat ing t D-E ' 

The r o l l  ang le ,  4 ,  i s  used t o  con t ro l  Z by 

. 

u n t i l  Z i s  correc t .  Point  E is reached when 

> 
FB z = z  

Then, by command 

+ = o  

i 127)  

and the  f l i g h t  is continued. 
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2.9.6 Condition E - F 

The purpose of condi t ion E - F is t o  hold t h e  f lyback Mach number o r  

a l t i t u d e  a f t e r  t h e  t u r n  is completed, when necessary.  

of both M and h are a t t a ined ,  t h i s  condition is f in i shed .  When 

When t h e  co r rec t  values 

c 
= %B 

The value is he ld  by 

= % B ?  5MFB 

where BMFB is  the  to le rance  allowed on MFB. 

and t h e  t h r o t t l e  var iab le ,  k 
The engines are assumed s t a r t e d  

is var i ed  t o  hold i?$B a s  follows: 20 ’ 

= 1.05 k20 OLD When < %By k20 NEW 

- When M MFB, k20 NEW - O o g 5  k20 OLD 

Standard convergence procedure is used. 

Normally MFB w i l l  be reached during t h e  descent. However, i f  

t he  angle-of-at tack may be used t o  hold  the  f lyback a l t i t u d e .  

should be h e l d  t o  

The a l t i t u d e  

h = hFB ,+ AhpB 

where AhFB is t h e  allowed tolerance.  

OLD 

When h < hFB, aNEW = 1.05 aOLD 

and the  value of a found by convergence. 

- 0,?5 a NEW 
h%an 11 : hFB, M 

NOTE: Conditions C - D, I) - E, and E - F are no t  necessa r i ly  separate 

operations.  On many vehic les  they w i l l  overlap. Consequently, each condi t ion  

runs t o  i t s  conclusion independently of the others .  
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2.10 CRUISE CONTROL 

When a l l  condi t ions  above have been m e t ,  and 

' = %B 

=%B 

v = VFB 

M = M F B  

which a re  

A s  shown, 

and assm 

the c r u i s e  condi t ions,  t he  vehic le  is ready f o r  cruise t o  base. 

the f lyback range, i s  continuously ca lcu la ted .  Knowing t h a t  

ng t h a t  

w = WFB (137) 
. .  . - - .  - 

when the  c r u i s e  condi t ions  a re  m e t ,  SFC and S are input  values,  and p is known; 

then the  weight a t  t h e  end of c ru i se ,  MH, can be c a l c u l a t e d  by the  following 

modif icat ion of t he  c l a s s i c  Breguet equation. 

F i r s t  t he  t a b l e  

wH=t 
u l a t e d  from 

%B 1' 

of 01 vs 7 

the  following: 

is determined, i . e . ,  

'FB 

when 

(139) 

the l a s t  t w o  poin ts  are used t o  converge on 
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The t i m e  taken during f lyback c r u i s e  is c a l c u l a t e d  by 

where 

VPB = MFB @OS) 

2.11 GLIDE TO LANDING 

The c a l c u l a t i o n  of g l i d e  to landing is a c t u a l l y  made before the c ru i se ,  

However, so t h a t  t he  f lyback range is modified t o  provide t h e  correct value. 

it is included he re  f o r  cont inui ty ,  as the  rout ine a c t u a l l y  p r i n t s  the  g l i d e  

condi t ions ,  subscr ip ted  

Glide Option 1 

a f t e r  the  c r u i s e  data .  FG' 

This g l i d e  c a l c u l a t i o n  assumes 

= w(EMPTY) - 
'FG - 'EM 
pFG = P a t  0.5 hFB 

(142) 

( 143 

The following equat ions must be s a t i s f i e d  f o r  a s t a b i l i z e d  g l i d e  condi t ion,  

where the  fo rces  a r e  summed perpendicular  and p a r a l l e l  t o  t h e  v e l o c i t y  vector .  

See Figure 2-9. 
e L WFG cos y = q . s  c 

sin y = q S CD 'FG 
Solving f o r  t h e  f l i g h t  path angle,  

( 1 4 7 )  

Then the  t w o  equat ions f o r y  may be solved f o r  CY by s u b s t i t u t i n g  

cos y = Qt 

and 

s i n y  = E 4- F a t an  a 
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L 

D 

Y 

HORIZON 

OPTION 2 

Figure 2-9. GLIDE CONDITIONS 
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Since 
2 2 1 - sin y = cos y 

2 2 2  
then 

1 - s i n y  = D a  (153) 

(154) 
2 2 2  s i n y  = 1 - D a  

and 
2 2 2 2  2 s i n  y = E + 2EF a tan a + F a tan a 

Sub st i tut  ing further 

2 2 2  2 1 - D 2 a 2 = E  + 2EFa t a n a + F  a t a n a  (156) 

2 F2 a 2  tan2, f 2EFa tana + D2a2 4- (E - 1) = 0 (137) 
Making the following sabs t i  tutions, 

2 F = X  

2EF =Y 
D2 = z 
2 E - l = W  

then 

2 2 2 
Xa tan a+ Y a tan a + Za + W = 0 

A series expansion of tan a yields 

3 5 
tan a = a + - + -  3 15 2a + ... a 

Then the f i r s t  term i n  the equation becomes 

6 4 2xa 
3 = x a  +-+ . * *  
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All remaining terms i n  the  equation have been found t o  be i n s i g n i f i c a n t .  

Therefore,  t he  complete equation may be w r i t t e n  i n  t h e  form 

or 

L e t  

2 4 6 + y a ( a + T + - ) + Z a  3 2a 5 + W = O  a 
x a  +- 1 5  3 

2 
xa 4 +-J--+ya 2 x 2  +--+-- pa4 2 y a 6 + z c r  + w = o *  3 15 

2 Y 4  x Y 6 - -  
(2 + Y)a + (X + 5)" + 2(5  + =)a - - w 

a l = Z + Y  

2 
B ' a  

Substituting in t he  equation y i e lds  

The equations f o r  revers ion  of a series may now be app l i ed ,  i . e . ,  

3 

1 2  

A 2 = -a2/al 

A 3 =--ij (a2 - al a3) 
al 

Then t h e  following may be wri t ten :  

(r, = A1 v -1- A2 2- I -  A3 v 3 

Fina l ly ,  after solving for B ,  

(163)  

(165)  

u =-G FG ( 1 0 7 )  
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The g l i d e  f l i g h t  pa th  angle,  yFG, may now be obtained from 

-1 ' 
'FG = 'Os IqFG S k23 'L a~~ 1 

The g l i d e  range is given by 

- - hFd 
%G t a n  y FG 

This modifies the  f lyback range by the  quant i ty  

%B NEW - %B OLD 
- 

%G 

Then the  t i m e  i n  g l i d e  is given by 

Glide Option 2. 

(approximately) 

(168) 

The second g l i d e  opt ion  uses  the  max imum l i f t - d r a g  r a t i o  of the  veh ic l e .  

(%/CD),, is found by ca l cu la t ing  CL/CD as a func t ion  of a ,  thus:  

c, L a + CL -+ CD + - 
cD 

When 

then 

(5) z=z -(;) = (5) 
'D o l d  max 'D max 

As developed previously,  

q s CL = w cos y FG 

q S CD = W sin y FG 
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Dividing the  upper equat ion by t h e  lower, 

1 
I 

FG CL cos y 
- =  

FG tan YFG C,, sin y 

A s  shown i n  Figure 2-9 

h~~ t an  y = - 
FG %G 

Assuming 

And s u b s t i t u t i n g ,  

or 

2.12 CONSTRAINTS 

Throughout t h e  whole f lyback computation, t h e r e  are two c o n s t r a i n t s  

designed t o  prevent  t h e  vehic le  from v io la t ing  e i t h e r  t h e  equations he re in  o r  

i t s  s t r u c t u r a l  i n t e g r i t y .  

F i r s t ,  the  angle-of-at tack must be cont ro l led .  I f ,  a t  any time, the 

a con t ro l  v i o l a t e s  the  following condi t ions,  a i s  automatical ly  set as fnllt,ws 

MAX 
If u > ctMAX’ then set a =  a 

If ~1 < 0.0, then set a =  0.0 

The o t h e r  c o n s t r a i n t  is  on maximum r e s u l t a n t  load  f ac to r ,  o r  G . When 
%Ax 

G R >  G (181) 
%Ax 

where G i s  a given value,  a is reduced by 
%Ax 

- - 0.95 aOLD NEW a 
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the time step is  then recalculated, is automatically rechecked. 

The is reduced unt i l  
< 

GR = G 
%Ax 

Figure 2-10,  Exdmple T e s t  Vehicle, i l l u s t r a t e s  the vehicle used in the e s m p l e  
run of Section V I .  

2-34 



NORTRONICS - HUNTSVILLE TR-793-8-302 

- - .  

2-35 



TR-793-8-302 
NORTRONICS - HUNTSVILLE 

Section 111 

IMPLEMENTATION 

The computer program t o  implement t h e  f lyback theory has been w r i t t e n  i n  

For t ran  I1 - I V  f o r  the CDC 3200 computer. This program has been w r i t t e n  as a 

main d i r e c t i o n a l  program wi th  13 subrout ines  and func t ions  t o  make the  general  

s t r u c t u r e  of the  program easy t o  fol low and t o  avoid dup l i ca t e  programming. 

The following desc r ip t ion  of the  main program and t h e  subrout ines  a t t e m p t s  

t o  expla in  what t he  program is doing and includes sane of  t he  details on 

programming techniques used. This  desc r ip t ion  i s  r e l a t e d  back t o  t h e  Theory 

s e c t i o n  as seems appropriate .  

- .  3.1 MAIN PROGRAM . _- - .- 

A. Input and p r i n t o u t  of da ta  as explained i n  Subsection 3 . 4 .  

B. Conversion of da t a  f o r  i n t e r n a l  use, i.e., a l l  degree values a re  

converted t o  radians.  I n t e r n a l  va r i ab le s  are given i n i t i a l  

values.  

C. The s t ag ing  p o s i t i o n  is then ca lcu la ted ,  as explained i n  Subsection 2.3. 

F o r  the change i n  longi tude,  standard launch condi t ions a r e  assumed. 

i.e., A h i s  nega t ive  i f  Z < 180" 

A h i s  p o s i t i v e  i f  2 > 180". 

If s tag ing  azimuth, l a t i t u d e ,  and longi tude are known, these  

should be input  as ZL, XLAT, and XLON respec t ive ly .  

A 9 5  i n  the  main rou t ine  of Sect ion V should be removed.from the program. 

Cards AS0 through 

D. Bank con t ro l  (Subsection 2.9) is used as t h e  main body out l ine .  Each 

bank condi t ion  has  a corresponding U S E  number within the  program, 

i.e., condi t ion  O-A is U S E  1, etc. Each condi t ion  is checked €or 

method of f l i g h t  con t ro l  - h l t ,  Mach,or Alpha. 

used t o  denote which is i n  cont ro l .  

A n  i nd ica to r  TCK is 

I C K  = + 1 = Mach, I C K  = - 1 
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= A l t ,  ICK = 0 =Alpha. Subroutine CONTRL is then c a l l e d  t o  es tab-  

l i s h  the c o n t r o l  values (Subsection 3.2) . The i n t e g r a t i o n  para- 

meters from t h e  previous second are r e t r i e v e d  from subrout ine SET. 

These values are then in t eg ra t ed  i n  RUNGEK and f i n a l  information 

including aerodynamic, naviga t iona l ,  and acce le ra t ion  equations are 

ca l cu la t ed  f o r  t h e  new time s t e p  using subrout ines  DRG, RESULT, ACCEL. 

Condition end condi t ions  are then t e s t ed ,  i f  s a t i s f i e d ,  the next  

condi t ion  is  entered. I f  not,  p r i n t o u t  of t h e  r e s u l t s  i s  given from 

subrout ine OUTPUT a t  s p e c i f i e d  t i m e  i n t e rva l s .  

The PHI c o n t r o l  of GAMC i n  condi t ion  C-D (Subsection 2.9.4) was 

a c t u a l l y  programmed i n  subrout ine DRG where t h e  needed value of PHI 

can be continuously ca l cu la t ed  during the  i n t e g r a t i o n  (DRG, No. B ,  

Subsection 3.3) .  

incorporated i n  subrout ine CONTRL (Subsection 3.2). 

The GAMC f l i g h t  path smoothfzig descr ibed has been 

I n  condi t ion  D-E (Subsection 2.9.5), PHI is used t o  bring DELZ t o  0.0 

(DELZ is t h e  d i f fe rence  between 2 and ZR). 

t o  con t ro l  PHI but  t h e  value of PHI is h e l d  between 0.0 and 90.0". 

PHI is  always set t o  0.0 a t  t h e  end of t h i s  condition. 

Subroutine CONVERG is  used 

Condition E-F (Subsection 2.9.6) i s  j u s t  f o r  cont inuat ion of El ight  

t o  the  required ALT and XMACH values. A s  t h e  con t ro l s  on ALT and 

XMACH become e f f e c t i v e  a t  whatever po in t  t he  required values a r e  

reached, t h i s  condi t ion  may a c t u a l l y  be included i n  the  e a r l i e r  

condi t ions ;  as a r e s u l t ,  i t s  con t ro l  is handled i n  subrout ine CONTRL 

through t h e  i n d i c a t o r  ICK a s  mentioned previously.  

A t  the conclusion of condi t ion  D-E o r  i n  condi t ion  E-F, the  ci-uise 

condi t ions  w i l l  be m e t ,  then the  g l i d e  and Breguet w i l l  be ca lcu la ted .  

Uowcver, i f  PHI # 0.0 a t  the  t i m e  cruise condi t ions arc met, tile 

message PHI IS NOT ZERO w i l l  be p r i n t e d  and ca l cu la t ions  stopped. 
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E. The g l i d e  condi t ion is ca lcu la ted  f i r s t  t o  ob ta in  information needed 

i n  the  Breguet. 

is determined by t h e  input  i nd ica to r  IGLD. 

i s  programmed a t  the  present  t i m e  as a simple convergence scheme 

r a t h e r  than the  revers ion  series explained i n  Subsection 2.11. 

The expressions f o r  s i n  and cos of Gam from Subsection 2 .11  are 

evaluated with varying values  of ALPH from !T.O i n  s t e p s  of 1" u n t i l  

t he  values  f o r  GAM obtained are approximately equal .  

convergence is  accomplished by checking f o r  a change i n  s i g n  of t he  

d i f fe rence  between the  values  ca lcu la ted  f o r  the  s i n  and cos 

Two g l i d e  opt ions are included. The method chosen 

Glide opt ion one (IGLDS1) 

Test ing f o r  

expressions.  If t h e  va lue  of e i t h e r  t he  s i n  or cos term exceeds 1.0,  

t he  e r r o r  message TERM EXCEEDED 1.0 is  p r in t ed  and ca l cu la t ions  are 

terminated. ' 

found f o r  t he  condi t ions given. The information ca lcu la ted  f o r  

the g l i d e  i s  s to red  f o r  p r in tou t  a f t e r  the Breguet. 

Such a value would mean t h a t  a soluti&-'cannot be 

Glide opt ion two (IGLD=2) uses a simple convergence scheme t o  f i n d  

the  ALPH value t o  g ive  the  m a x i m u m  (CL/CD) term, as f o r  IALP-2 

i n  Subsection 3 .2 .  RFG and GFG are then ca l cu la t ed  and RB modified. 

When p r in t ing  the  g l i d e  r e s u l t s ,  no TIM, VEL, o r  XMACH values  are 

p r in t ed  f o r  t h i s  option. 

F. The program sec t ion  f o r  ca l cu la t ing  the  Breguet equation (Subsection 2.10) 

is entered with the  information from the  end of the  Flyback p lus  the  range, 

RB, ca lcu la ted  i n  t h e  GLIDE. To c a l c u l a t e  WHY the  maximum value of s q r t  ( C L ) /  

CD, TERM, must be found. To f ind the  ALPH f o r  t h i s ,  ALPH is varied froix .-J 

i n  . S  increments u n t i l  

> 1-3 

0 

TERM < TERM 
o l d  new 
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ALPfIold is then s tepped i n  .lo increments t o  t h e  a c t u a l  crossover  

point ,  The TERM is not  evaluated a t  ALPH = 0.0 because CD would 

be 0.0 and t h e  TERM would be undefined. This method assumes t h e  

p l o t  of  sqrt(CL)/CD vs ALPH w i l l  be a smooth curve continuously rising 

t o  one peak. 

A t  t he  end of these  ca l cu la t ions  

TIM = TIM a t  end of f lyback + TB 

RANGE = RANGE a t  end of  f lyback + RB 
WHT = WHT from Breguet equation.._ - _ _  
ALPH = ALPH f o r  maximum value of t h e  s q r t  (CL)/CD 
VEL and ALT = values a t  end of f lyback 

A f t e r  t h i s  information is p r in t ed ,  corresponding GLIDE in fomat ion  

previously c a l c u l a t e d  is pr inted.  

A t  t h i s  po in t ,  t h e  message CALCULATIONS FTNISHED w i l l  be p r i n t e d  

and an attempt made t o  read a new set  of data. 

3.2 SUBROUTINE CONTRL 

Subroutine CONTRL is  t h e  c o n t r o l  rou t ine  used by a l l  r o l l  condi t ions.  

Its primary purpose is t o  set t h e  value of ALPH a t  each i n t e g r a t i o n  

i n t e r v a l ,  bu t  a l s o  GAMC is c o n t r o l l e d  during condi t ion  D-E and when iYLT 

3 -4 



' I ' R  - 7 9'1 - 8 - 'io2 
NORTRONlCS - HUNTSVILLE 

h i t s  DHFB, THR is used t o  con t ro l  MACH. 

throughout Sect ion 11, but have been grouped as one u n i t  so t h e  computer ' 

can handle the hierachy, 

These con t ro l  methods are explained 

The con t ro l  of ALT and XMACH is explained i n  Subsection 2.9.6.  The 

primary i n d i c a t o r  f o r  ALTB-XMB con t ro l ,  ICK, is set  wi th in  the main pmgram. 

The values a re  

-1 ALTB reached 

0 Nei ther  ALTB nor  XMB reached 

+1 XMB reached 

+2 Both ALTB and XMB reached - . 
. _ . -  ~ 

This is checked i n  CONTRI, with LOC t o  determine when a change i n  the  

ALTB-XMB s t a t u s  has occurred. These are checked during a11 condi t ions.  The 

valudes of LOC are:  

0 Nei ther  ALTB nor  XMB has  y e t  been reached 

-1 Program has been operat ing under ALT con t ro l  

-t-1 Program has  been operat ing under MACH con t ro l  

When both have been reached, LOC is no longer  checked as the re  w i l l  be no 

f u r t h e r  change i n  t h i s  con t ro l  s t a t u s .  

When ALT f i r s t  f a l l s  within ATOL f e e t  of ALTB, rout ine  CONVERG is used 

t o  determine the  ALPH value t o  maintain t h i s  to le rance  on ALT. A t e s t  i n t e -  

g r a t i o n  is made from subrout ine CONTRL with each t r i a l  ALPH u n t i l  the  con- 

d i t i o n  is s a t i s f i e d  o r  ALPH f a l l s  ou t s ide  i t s  max imum and minimum range. 
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For XMB con t ro l  when XMACH f a l l s  wi th in  the  to le rance  XTOL of XMB, t he  

t h r u s t  parameter CK20 is va r i ed  t o  a l ter  THR t o  hold XMACH on XMB. 

rou t ine  CONVERG is  used t o  converge on a a20 t h a t  w i l l  hold DM = XMACH-XMB 

near  0.0. 

t e s t e d  t o  determine when t h e  s o l u t i o n  has  been found. No maximum l i m i t  has 

been s e t  on C K 2 0  bu t  0.0 is the  minimum value.  

Sub- 

Here a l s o  t r ia l  i n t e g r a t i o n s  are necessary f o r  each C K 2 0  value 

When I C K  = 2,  both of t he  above condi t ions must be  s a t i s f i e d  a t  each 

i n t e g r a t i o n  i n t e r v a l .  

I f  n e i t h e r  condi t ion  has  been reached o r  i f  XMB only has  been reached, 

GAMC con t ro l  i s  then checked. A gradual  increase  i s  made i n  GAMC from DHFB 

t o  ALTB as  explained i n  Subsection 2.9.9. IH i s  used as the  ind ica to r  where 

IH = 0 increasing GAMC not y e t  begun 

IH = 1 now decreas ing GAMC . 

GAMC is  increased by the  equation given i n  Subsection 2.9.4 u n t i l  GAMC = .50. 

This value is he ld  u n t i l  ALT = ALTB a t  which time GAMC i s  set  t o  0.0 i n  the 

ALT con t ro l  sec t ion .  Continuously decreasing the  l a s t  .5O GAMC was found t o  

unnecessar i ly  prolong the  t i m e  needed t o  reach ALTB. 

From condi t ion  D-E u n t i l  t he  end of the  flyback, provided ALTB has not 

been reached, ALPH is  used t o  ho ld  GAM on GAMC - + GCTL regardless  o f  whether 

GAMC is  constant  o r  changing. Routine CONVERG is  used t o  hold DGAM = GAM - 
GAMC near  0.0. I f  ALPH cannot hold t h i s  value,  i .e . ,  i f  ALPE goes ou t s ide  

the maxFrcleun - minim-an range, GAMC is set c q ~ a f  t o  tke present  value >f GmEl 2nd 

ALPH is se t  t o  e i t h e r  t h e  maximum o r  minimum, depending on the  d i r ec t ion  i n  

which it is out  of range. Here again t r i a l  i n t eg ra t ions  must be made f o r  each 

ALP11 tes t  value. 

I f  n e i t h e r  ALTB nor  condi t ion D-E have been reached, then ALPH is con- 

t r o l l e d  by the  input  method using the  ind ica to r  LALP. These methods of ALP11 

con t ro l  a r e  explained i n  Subsection 2.8. 
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For IALP = 1, the  maximum angle-of-at tack is taken from t h e  input  

t a b l e  of MACH-Aerodynamic c o e f f i c i e n t s ,  and maximum A M  values a s  described 

i n  t h e  input.  This  value, c a l l e d  ATRN, is ca lcu la t ed  i n  subrout ine DRG 

but  i s  only used as m a x i m u m  ALPH unless  c a l l e d  f o r  here .  

IALP = 2 is  t h e  maximum LIFT/DRAG method. A simple convergence rou t ine  

is used beginning wi th  ALPH = . 5 O  and incrementing i n  .so s t e p s  u n t i l  the  

maximum value f o r  LIFT/DRAG i s  found. Subroutine DRG i s  reevaluated f o r  each 

tes t  ALPH. The co r rec t  value has been found when 

LIFT/DRAG < new LIFT/DRAGold 

The ALPHold value i s  then incremented i n  .lo s t e p s  t o  f i n d  a more exact  value 

f o r  ALPH. 

IALP = 3 i s  t h e  maximum v e r t i c a l  load f a c t o r  method of cont ro l .  The 

Newton-Raphson method i s  used t o  c a l c u l a t e  t h e  des i red  ALPH va lue  a s  explained 

i n  Subsection 2.8.3.  I n  m o s t  cases ,  maximum ALPH c u t s  o f f  t h e  convergence. 

I n  t h i s  case,  RETG, i.e., 2* ALPH, i s  set  t o  25.O t o  begin t h e  next  con- 

vergence. The to le rance  on BETG i s  an increment value,  DEL, of - + .lo. 

IALP = 4 i s  t h e  Energy Management so lu t ion .  

a r c  s i n  of GAM given i n  Subsection 2.8.4 i s  solved f o r  t h e  GAM needed, 

GAMT. Routine CONVERG i s  used t o  f i n d  t h e  ALPH value required t o  keep DT = 

GAMT-GAM wi th in  t h e  spec i f i ed  to le rance ,  i.e., GAM must be equal t o  GAMT 

- + .Ole. 

The expression f o r  t h e  

A t es t  in t eg ra t ion  must be made f o r  each A G H  value t r i e d .  

After APLH has been set by one of these  methods, GR m u s t  be checked 

t o  see t h a t  GRMX has not  been exceeded, as s t a t e d  i n  Subsection 2.12. I f  

GR is g r e a t e r  than GRMX, then ALPH must be changed, using CONVERG, t o  
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br ing  DG = GR - GRMX near  0.0. 

t h e  maximum l i m i t  set  by the  ATRN value from the  t a b l e  and above t h e  minimum 

value of 0.0. 

However, ALPH must s t i l l  be kept  w i th in  

The following t a b u l a t i o n  of the  heirachy of t h e s e  ALPH con t ro l  methods 

may he lp  c l a r i f y  t h e i r  use. 

0 ALPH must no t  exceed ATRN and must no t  be less than 0.0. 

0 GR must not exceed GRMX. 

0 ALT must be he ld  on ALTB. 

0 From condi t ions  D-E on, GAM must be h e l d  on GAMC. 

0 ALPH w i l l  be con t ro l l ed  by whatever method is s p e c i f i e d  by t h e  
i n d i c a t o r  IALP. .. _- - - - .  . 

3.3 ADDITIONAL SUBROUTINES 

The following subprograms, i n  addi t ion  t o  subrout ine CCINTRL, are  used i n  

t h i s  program: 

A .  Subroutine CONVERG is  t h e  s tandard convergence rou t ine  used through- 

out  t h e  program, e s p e c i a l l y  i n  subrout ine CONTRL. The ca l l  parameters 

a r e  ( I N D 3 ,  IEND, F, ALPH, ALPH2, ALPH1, DELD, DELD2, DELD1, U S E ,  

QTMAX) where 

0 I N D 3  i s  the  i n t e r n a l  i n d i c a t o r  t o  e s t a b l i s h  a t  what po in t  i n  the  
convergence t h e  c a l l  i s  being made. The ind ica to r  is set 
t o  0.0 on t h e  f i r s t  c a l l  t o  t h e  r o u t i n e  f o r  any p a r t i c u l a r  con- 
vergence. 
of  each i n t e g r a t i o n  s t e p  (with f i n a l  r e s u l t s ) .  The rou t ine  handles 
t h e  value o t h e r  than t h a t .  

The ind ica to r  should be r e s e t  t o  0.0 a t  t h e  completion 

0 IEND i n d i c a t e s  an e r ro r .  The i n i t i a l  value should be 0.0. A 
value of 1.0 i s  generated whenever a va lue  of ALPH of less than 
0.0 i s  ca lcu la ted .  ALPH is  s e t  t o  0.0 and a normal r e t u r n  from 
the  rou t ine  i s  made. IEND is  a l s o  s e t  t o  0.0 when t h e  rou t ine  i s  
not  converging on a new ALPH value,  i.e., when ALPH-ALPHI o r  
whenever ALPH ;= ALEW? a t  t h e  end of t h e  rout ine .  Which t e s t  
i s  made determined by I N D 3 .  
i s  pr in ted  but c a l c u l a t i o n s  continue. 

For t h i s  condi t ion,  an e r r o r  message 
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e ALPH is input  as t h e  c u r r e n t  value and re turned  as the  new value 
(ALPH does no t  have t o  be ALPH i n  t h e  program, t h e  t o  be t r i ed .  

rou t ine  is also used f o r  PHI convergence), 

e ALPH2 and AtPHl are the s t o r e d  values  from e a r l  t eps  i n  t h e  
convergence, They must be provided f o r  s to rage  a s  t he  rout ine  
may be used f o r  more than one convergence p e r  i n t e g r a t i o n  s t ep .  

DELD is t h e  par iweter  used t o  determine the  .value of  ALPH. 
should correspond t o  the ALPH input  a t  any p a r t i c u l a r  s t ep .  

0 It 

e DELD2 and DELDl a r e  values  from an e a r l i e r  s t ep ,  corresponding t o  
the ALPH2 and ALPH1 values.  

Kase is not  used by t he  Flyback program. 

0 Q?MPX is t w i c e  the  value about which convergence is t o  be made, 
Most cases w i l l  be t o  converge on a value of ALPH t o  g ive  a DELD 
value of 0.0, therefore ,  t h i s  value w i l l  u sua l ly  be 0.0. 

- -  . . . _- - .- 

B. DRG is c a l l e d  a t  each s t e p  of t he  i n t e g r a t i o n  from IUJNGEK and again 

a t  t h e  conclusion of the in tegra t ion .  

t h i s  rou t ine  as a l l  needed information is t ransmi t ted  through COMMON. 

This rou t ine  calculates the  in t eg ra t ion  r e l a t e d  parameters - t h e  ACPH 

c o e f f i c i e n t s  a r e  looked up, t he  maximum ALPH value is ca lcu la t ed ,  

DRAG, XLIFT, and QA'IM a r e  ca lcu la ted .  In  addi t ion ,  f o r  condi t ion  

C-D, t h e  expression f o r  cos(PH1) (Subsection 2.9.4) is evaluated. 

For ALPH = 0.0 t h i s  equat ion is i n v a l i d  and is  not  evaluated. I f  

this expression has a value g r e a t e r  than 1.0,a GAMC g r e a t e r  than 

can be h e l d  is being asked fo r .  As a resul t ,PHI is se t  t o  0.0 and 

GAMC is assigned the  value of GAM a t  t h a t  moment. N o  error message' 

is generated,  The i n i t i a l  value f o r  DOTC is 0.0. However,when GAMC 

is changed i n  CONTRL, DOTC is ca l cu la t ed  f o r  the  change i n  GAMC. 

There are no ca l l  parameters f o r  

. .  
C. OUTPUT is the rout ine  used f o r  output  of a l l  e s s e n t i a l  information a t  

the  end of each p r i n t  i n t e r v a l ,  which may o r  may not  correspond t o  

the  i n t e g r a t i o n  interval. For output purposes only, i f  PHI > 90°, 

t he  value f o r  XLIFT is p r i n t e d  as a negat ive value. 

is used as t h e  form f o r  a l l  p r i n t o u t  from t h i s  rout ine ,  

Subroutine @UT 
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D. OUT is a short routine for printout of any real numbers with four 
alphemeric characters for identification. 
(I, A, 12, A2, 13, A3, 15, A4, 15,  AS) where the 1,s represent  4 

cha rac t e r  H o l l e r i t h  statements f o r  i d e n t i f i c a t i o n  of t he  following 

real numbers, At's. These are p r i n t e d  i n  an E12.5 Eormat. I f  a 

d i f f e r e n t  format is des i red  on a l l  output , only t h i s  f i n a l  Zomat in 

subrout ine OUT need be changed. 

The c a l l  parameters are 

E. ACCEL is c a l l e d  a t  t h e  end of each i n t e g r a t i o n  for  t he  c a l c u ? s t i o n  

of t he  acce le ra t ion  equations as descr ibed i n  Subsection 2-5, A I 1  

needed information is c a r r i e d  i n  COMMON. 

F. RESULT is c a l l e d  a t  t h e  end o f  each i n t e g r a t i o n  interval f o r  the 

c a l c u l a t i o n  of t h e  navigat ion equations,  including the change i n  

l a t i t u d e  and longi tude i n  the  turn.  Flyback range and azimuth are 

a l so  ca lcu la ted .  

- .  
. -_ - .- 

The change i n  p o s i t i o n  (Subsection 2.7) is computed first. 'ticre che 

DLON s i g n  opt ion  is programmed as DLON negat ive  i f  2 .c 180.0; DL.% 
p o s i t i v e  i f  2 > 180.0" 

RB and ZB a re  then c a l c u l a t e d  as descr ibed i n  Subsection 2,U, ZP i s  

not ca l cu la t ed  during the  f i n a l  condi t ion ,  E-I?. A l s o  a t  rhe end :i 

t h i s  rout ine,  the  atmospheric data is obtained f r .m  utine ne :~W!':~? 

and the  mach nurnber i s  calculated.  

C. LRUNCEK is the  RUNGE-KUTTA i n t e g r a t i c n  roukine. %is is nnc a g m e r -  

a l i z e d  rout ine,  but  one wr i t ten  s p e c i f i c a l l y  f o r  this p r o g n m .  !ill. 

i n f o m a t i o n  needed is c a r r i e d  through COMMGN. One c a l l  t;l this rorari::: 

by t h e  main program completes one in t eg ra t ion  s tep.  The in tcgra t i r \n  
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s t e p  ind ica to r  is NRK. This i nd ica to r  is c a r r i e d  i n  COMMON for u s e  

i n  t h e  supplemental rout ine,  DOTS, where it is incremented. The i n i t i a l  

value is set i n  RUNGER. The in t eg ra t ion  interval DELT is input. A 

value of 1.0 has been used f o r  most of t h e  test  work, and is suggested f o r  

use by t h e  user. This rout ine  in t eg ra t e s  with TIM f o r  GAM, ALT, VEL, 

RANGE, 2 ,  and WHT. Function DELTA and subrout ine DOTS are used 

exc lus ive ly  by t h i s  routine.  

H. DELTA is  a s h o r t  func t ion  f o r  averaging the  individual  s t e p  values 

for the  in t eg ra t ed  va r i ab le s  i n  RIUNGEK. 

I. DOTS c a l c u l a t e s  the  dot equat ions being integrated.  These equations 

are given i n  Subsection 2.4. The ar rays  VK, GL, Z J ,  AM, RN correspond 

t o  the  components of VEL, GAM, 2, ALT and RANGE, respect ively.  .. - - . 

J. Subroutine SET is a program s torage  routine.  The c a l l  parameter I 

is used t o  ind ica t e  whether infonnation is t o  be s to red  o r  re t r ieved ,  

I = infonnat ion t o  be reset, 0 = information t o  be s tored.  A l l  o t h e r  

values needed are c a r r i e d  i n  COMMON. This rout ine is used t o  s to re  

the values f o r  t h e  in t eg ra t ed  var iab les  a t  t h e  end of a second; s o  

i f  a second needs t o  be reevaluated, t he  da t a  f o r  the  s t a r t  po in t  w i l l  

s t i l l  be avai lable .  

completed in t eg ra t ion  s top.  This is used when severa l  d i f f e r e n t  

values of ALPH, o r  PHI must be t e s t e d  before  a new in t eg ra t ion  s t e p  

is  sa t i s f ac to ry .  The var iab les  i n  t h i s  rou t ine  with an N s u f f i x  

are ava i l ab le  only through t h i s  rou t ine  and must not  be put  i n  COMMON. 

This only s t o r e s  t h e  information from t h e  previom 

K. Subroutine ATMOSP is an atmospheric da t a  rout ine.  This rout ine  was 

taken from the  repor t  "Advanced Launch Vehicle Computer Programs f o r  

Ver t ica l  Takeoff T ra j ec to r i e s  , Horizontal Takeoff T ra j ec to r i e s  , and 

Horizontal  Takeoff T ra j ec to r i e s  with Sonic .Boom Calculat ion" (TR-293-6-110). 

The c a l l  parameters are (H, ANS) where H is the  ALT value and ANS is 

the  atmospheric da t a  t o  be returned - speed of sound, g r a v i t a t i o n a l  

a t t r a c t i o n ,  and atmospheric density.  When the a l t i t u d e  f a c t o r  exceeds 
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the maximum value for which data  is ava i l ab le ,  the  m a x i m u m  a l t i t u d e  

value is used. No d iagnos t ic  is generated.  

L,  Function Y3 is a l i n e a r  i n t e rpo la t ion  equat ion where Y3 is the  unknown 

va r i ab le  dependent on X3. A value f o r  Y3 is c a l c u l a t e d  from t w o  s e t s  

of po in t s  Y2, X2, and Y1, X l .  

3.4 INPUT 

Input of a l l  da ta  t o  the  program is a t  the  beginning of t he  main s e c t i o n  

of the  program. 

user  t o  set up a complete set of data .  

by a l l  sample cases i n  Sect ion V I .  

otherwise noted. 

CARD 1 HEADING -- - . . 

The following explanat ion and i l l u s t r a t i o n s  should enable the  

The i l l u s t r a t i o n s  below were used 

A l l  input  d a t a  is pr in t ed  out unless 

- -  

. Any information des i red  as the  heading on the  f i r s t  page of o u t p u t  may be 

p u t  on t h i s  card. The format: is 20A4. 

- L -_ -  .. , - 

O U O O U E O O  0 0 0 0 0  0 0 0 0  o o o o o o u o o o o o o o ~ o o o n o o o o o o o o o o o o o o o o o o o o o o o o o o o o n o n n o o o n o u ~  
l l l l l l l I l 1  1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l i l l l l l l l l i i l i l l l l l l l . l i l l l l l l l l l l l  
I 2 3 4 i 6 1 h 9 IO 11 I2 13 I 4  I5 I6 I 1  I8 19 20 21 22 23 24 25 16 I7 28 29 30 I1 32 31 34 3'3 36 31 38 39 40 41 4? 43 U 45 46 41 4R 49 50 SI 52 53 54 55 56 57 58 59 60 61 62 63 E4 65 €6 6' G3 69 70 71 I? 11 ' 4  75 16 " I S  I3 80 

CARD 2 INTEGERS 

The format of t h i s  card  i s  (312). The f i r s t  two columns of t h i s  card 
should conta in  NTAEi1, t h e  number of da ta  po in t s  t o  be included i n  t h e  ZLM4CH- 

ALPH c o e f f i c i e n t s  t ab le .  This value i s  not  pr in ted .  

Column 4 of t h i s  card should conta in  an i n t e g e r ,  1 through 4,  t o  i n d i c a t e  

the  method of Alph con t ro l ,  IALP. 

I A L P  = 1 Table input  value 

IALP 2 Maximum l i f t / d r a g  

IALP -= 3 
IALP = 4 Energy Management 

GV equation con t ro l  
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Column 6 of t h i s  card should conta in  IGLD t o  i n d i c a t e  the  g l i d e  opt ion,  

as explained i n  Subsection 2.11. 

IGLD = 1 

IGLD = 2 g l i d e  ALPH determined by maximum (CL/CD) 

g l i d e  ALPH determined by GAM equations 

- CARDS 3 through WAB1 + 2. TABLE DATA 

The t a b l e  da t a  is read  i n  one complete set of data per  card,  i -e .*  

XMACHT ( 1) CL$TAB( 1) CLlTAB( 1) CLZTAB( 1) CD@TAB( 1) ATR( 1) 

. .  e .  . * .  . .  . .  0 .  

XMACHT(NTAB1) CLgTAB(NTAB1) CLlTAB(NTAB1) CL2TAB(NTABl) CDgTAB(NTAB1) ATR(NTAB1) 

The maximum number of po in t  sets i n  t h i s  t a b l e  is 16. 

- - .  . . - -- 
XMACHT is Mach number values 

CLPTAB corresponds t o  CL@ 

CLlTAB corresponds t o  CL1 

CL2TAB corresponds t o  CL2 

CD@TAB corresponds t o  CD@ i n  the  program. 

ATR values  are the  ALPH values t o  be used f o r  control 'method IALP -: 1 
o r  f o r  maximum ALPN values. 

ALL REMAINING CARDS conta in  s i n g l e  poin t  da t a  input,  5 values p e r  card ,  u n t i l  

a l l  needed information has  been input (format 5E15.5). 
values can be found i n  the  Nomenclature Sect ion.  The l a s t  f i v e  columns of 
each card are used and may be used for numbering. The a lphabet ic  0's are 

slashed i n  t h e  n a m e s  over t h e  sample cards f o r  c l a r i t y .  These cards  are: 

Def in i t ions  of these  

1. WHT VEL RANGE GAM ALT 

3 3 8  . 3 3 3 1 3 3 3 3 3 3 3 3 3  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  3 3 3 3 3 3 3 3 3 3  3 3  3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 _ 3  
, 
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2. ZL RE XLAT AREA 

0 0 0 0 0  0 0 0 0 0 0 0 0 0 0  0 0 0 0  o o o o o u o o n o  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 

2 2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

I 2 3 4 5 6 1 8 9 10 I I  12 13 14 I5 16 11 10 19 m 21 22 23 24 25 26 21 28 23 10 31 12 13 Y 35 36 31 I 39 40 41 42 41 U 45 46 47 4U 49 50 51 52 53 M 55 56 51 58 59 50 61 62 65 €4 65 66 67 68 69 70 71 72 13 14 75 76 11 18 19 80 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  o o o o o o o o o o u o o o  0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0  

I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 l l  1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 i l 1 1 1 1 1 1 1 1 1 1 1 1 l  I l l l l l l l l l l l i l l l  
1 2 3 4 5 6 I 8 9 IO I I  I2 13 14 15 16 17 I8 19 20 71 22 23 74 25 26 27 28 29 10 31 32 33 34 35 36 11 u1 39 40 41 42 43 44 45 46 I f  48 49 M 51 52 53 54 55 56 51 Su 59 60 61 62 61 €4 65 66 61 66 69 10 71 I? 13 14 IS In 7' 78 79 d l  

O O O O D O O  o u n o o o o o o o o o o o o o o o o a u o o o  o o o o o o o o o o o o o o  o o o o o o o o o n ~ n ~ i o  o o o o o n o ~ o o o c ~ o o o  
1 ? 3 4 5 6 1 8 9 10 I 1  17 11 I4 15 I6 1 1  18 19 20 ?I 22 21 24 25 26 27 78 79 IO I I  31 11 14 35 Jb Jl 38 33 40 41 42 61 44 45 46 41 48 19 50 51 52 51 51 55 56 5' 5 1  5G 60 f I 53 51 S I  66 61 ~8 '19 '0 /I 7? A id ' 5  I . 1 PO 

I l l 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I l l l l l l l l l l l l l l i l l l  

5. GAMA P B  DPB GAMC DZ R 

o o o o o o o o o o o o o o o o  o o o o o o o o o u o o o  ~ ~ ~ o o ~ ~ o ~ ~ o ~ n ~ ~ ~ o o o o o o o o o o o o o  o o o o o o o o o o o o o o o o  
I 2 1 4 5 6 7 8 9 IO I 1  12 11 I4 15 16 I1 I8 19 20 21 22 21 24 25 26 27 28 29 30 31 32 33 34 3'5 ?G ?I 38 39 40 41 42 41 44 15 46 I1 48 4'4 50 51 57 73 54 55 56 51 58 54 bO 61 62 63 65 65 66 67 68 69 70 71 12 71 14 15 16. 71 i U  79 80 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ~ 2 2 2 2 2 2 2 2 2 ~ 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 ~ 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
/ / -  

6. ZDD XMB ALTB TE DTP 

0 0  o o o o o o o o o o o u  o o o o o o o o o o o o u o o o  . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O O O O O O O G O O O O O O O O  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
I ? 1 4 5 6 1 8 9 IO I I  I? 13 I4 I5 16 I1 IU I9 20 21 22 23 74 25 26 21 26 79 30 II 3? 13 34 15 16 11 38 39 40 41 42 11 44 45 46 4 1  48 48 50 51 52 51 54 55 56 57 58 59 E4 61 62 61 64 65 I 67 68 63 10 71 12 7 3  74 75 i6  7 1  3 19 80 

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  o o o o o o o o o u o  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

1 1 1 1  1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 2 3 4 5 6 1 U 9 IO 11 12 13 14 I5 16 I7 I8 19 20 21 22 23 24 75 26 21 28 79 30 31 12 33 I4 15 36 11 38 19 40 41 42 43 U 45 46 47 48 49 M 51 52 51 54 55 56 57 58 59 60 61 62 63 M 65 66 67 6.8 69 70 J I  2 71 74 75 16 '. 2 79 51) 

/ / - 
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  o o o o o o o o u o o o o  O O O O O O O ~ O O O  o o o o o o o o o o o o o o  o o o o o o u o o o o o n o o o o  
1 1 1  1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
I 2 3 4 5 6 7 8 I IO I 1  I2 13 I 4  15 16 I 1  18 19 20 71 22 13 24 25 R 7J 28 B 10 I1 12 33 14 35 lb 37 38 3g 10 41 42 41 44 45 I 47 48 49 5U 51 52 53 51 55 56 51 58 59 60 61 6! 63 M 65 66 67 611 69 70 71 I2 I1 ;4 15 16 I J  18 i 9  (10 

0 0 0  o o o o o o o o o o o o o o o o o o o o o o o o u o O O D O O O O O O O B O o o o o o o o o o o o o o o o o o o o o o o o o o o ~ o o o o o o o o o  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 I 1 I I 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
I 2 3 4 s 6 I 8 9 IO I I  I?  I3 14 15 16 17 ia 19 28 21 22 23 24 75 76 2 '  ?a 79 in 31 JI  3 1  34 35 16 11 18 13 417 41 $2 43 44 45 e 41 48 49 M 51 51 53 n 55 M s7 58 M w SI 52 63 M 65 66 67 sa 69 70 7 1  IZ 73 ~4 15 76 ; '9 90 

0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  o o o o o o o o o o u o o o  0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1  l 1 1 1 1 1 1 f 1 1 1 1 l 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
I 2 3 4 5 6 I 8 9 IO I I  I2 13 I4 15 16 I I  18 I Y  20 21 22 23 74 25 26 21 28 19 30 11 32 31 34 35 36 1J 38 I Y  40 41 42 41 44 45 46 I7 48 4Y Xi SI 52 51 54 55 56 57 Y 59 €4 61 62 61 M 65 66 61 E4 69 70 71 72 71 14 75 16 7 1  2 Jil 13 

10. C23(8) DEDH CK2 4 

As many sets of da t a  as des i red  may be stacked, l imi t ed  only by your 

run time. 

set is read, an I/@ e r r o r  w i l l  be given by the  computer. 

No e x t r a  cards  should be placed between da ta  sets, When t h e  l a s t  

3.5 USE OF THE PROGRAM 

This program,at present , requi res  a CIX: 3200 computer with 32K storage,  

s tandard For t ran  compiler, reader,  and p r in t e r .  However, the  programming is 

suf f  i c i e n t f y  genera l  t h a t  conversion t o  a l a r g e r  machine should not cause any 

problems. 

of input /output  has  been used. 

In most ca ses , log ica l  ifs have been avoided and t h e  FORTRL\N 11 form 

To compile the  program and execute a sample set of data ,  t h e  following 

deck set up should be used on t h e  CDC 3200: 
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7/9 Sequence, 001, etc. (The information here  varies from i n s t a l l a t i o n  t o  

in s t a l l a t ion . )  

7/9 JOB,, , ,ND 
7/9 FORTRAN, L, X. 

U s e  7/9 FORTRAN, L, X, P. i f  a binary deck is des i red  as output on cards.  

Program Main (begins i n  column 7) 

Main program 

BLANK 
SUBROUTINE 1 

BLANK 

SUBROUTINE 2 

etc., u n t i l  a l l  subrout ines  are included 

FINIS (begins i n  column 10) 

719 LOAD, 56 

7/9  RUN, 10 w e r e  10 is t he  maximum run time (use whatever is needed) 

DATA sets, as many as des i red  

718 7/8 

718 7/8 

Compilation t i m e  is  shor t ,  however, run time depends on the data set .  

An estimate is 10 t o  20 minutes, based on test runs.  

NOTE: The 7/8  and 7/9 denote mul t ip l e  punches i n  column 1, 
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Section IV 

FLOW CHART 

O I W E N S l O N E D  V A k l A 6 L E S  

LL 4 vu 4 AM 4 z i  I 

XMACHT 16 CLG TAB 16 C L 1  TAB 16 C L 2 T 4 6  16 OGTAE 16 

A TU 16 
I 
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I - - T T - - -  

F 
! 
I 

. . . , . . 
I . . . 

/--- --7 
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-1 

A Kl 

f -- 
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f 

i 

COMPUTED GO TO 
I f  THE VALUE TRANSFER 

STATEMENT 

66 
?8 
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82 

COMPUTED GO TO 

OC ICK*2 
13 
1 

3 
4 
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f 

i 

f 
I 

.. 

,E 
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,A- 
CcWPUTED GO TO 

I F  THE V I L E  TRANSFEE , 

OC ICK*E ra 
IS S T I  TEWtNT 
1 13P I 

3 ' 142 
2 13P ! 

I----- 1 SG 
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i ++,- 
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I r--- 
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SUBROUTINE CONTRL 

D l N t N S l O N E O  V A E I A 6 L E S  

CL 4 V I  I AM 4 RN 4 21 4 

XWACCll 16 C L 0 T A 6  16 C L 1  TAB I 6  C L P T A B  16 DG TAB 16 

A T n  16 

r 

1 M=G 

-1- 

COMPUTE0 GO TO 
I F  THE VALUE TRANSFER I OC l C K * 2  TO 

IS STATEMENT 
4 

2 31) 

[ - P I  
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TGANSFER TO SUBliOUTINE 

-1 
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. 

IS STATEUENT 
1 
2 
3 
I 146 i-- 

-4 

i 
I 
I 

I i 

4-16 



TR-793-8-302 

r - - T O i  
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?:, 

t 
i 

I 

\ 
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SUBROUTINE CONYERG 

I-, 
O E L 0 2 " 0 E L 0  

ALPh2-  ALPH -- 

f;' -- 

I 
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- _- -- 
- .- 

.- E l  
X I  0- I O D 1  

ACPHsALPHl -465 ( A L P H l )  * F I X I D  GO 10  4 G  
F- .5*F ! 

! N 
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SUBROUTINE DRG 

CL 4 Y I  4 An 4 R N  4 21 I 

ANS 7 X M C H T  16 CLDTAB 10 CL1 TAB 16 CLP TAB 16 

OG TAB 16 ATR 10 

-2 it -.-*----- 
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I-- 1 
I 
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O I M E N S I O N E O  V A R I A B L E S  

CL 4 V I  b AM 4 R N  4 2J 4 

XMAC W 1 I. CLOTAB 16 CLt 118 16 CLZTAB 1 6  OG TAB 16 

A T 1  I. 

-- 
TRANSFER TO SIBGOUTIN€ --c- OUT 

4-24 



TR-793-8-302 

SUBROUTINE OUT 

-I c-- I 

. _  

-- f- -------- 
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SUBROUTINE ACCEL 
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SUBROUTINE RESULT 

AWS 7 GL 4 V I  4 AM I IN 4 

21 4 X I A C H T  16 CLOTAB 16 C L l  TAB 16 CL2 TAB 16 

D O T A 8  16 A Tf i  16 

-- J 

. .- 

4-27 



TR-793-8-302 

SUBROUTINE RUNGEK 
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FUNCTION DELTA 

D l W E W S l O N E D  V A R I A B L E S  

s 4 
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SUBROUTINE DOTS 

4 AM 4 RN 4 21 

S lok AGE 3 

4 
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SUBROUTINE SET 

CL 4 vu 4 An 4 EN 4 ZJ 4 
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SUBROUTINE ATMOSP 

3 7 A f i T  I.. - 

STOCAGES 

‘--TI 

4-3 2 



FUNCTION Y3 
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Section V 

PROGRAM LISTING 
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A 

COMMON WHT,GN#GT,GAM A 
c RESULT COMMON A 

COMMON A 
1 P , Z B , Z l , D T P 8 P H N T  A 

. -- -. . - 

R A D I A N B DELT R_r E ET A , DS I G , DLO-N D L  AT , X L,O>! X L A T X L C B , X L A H , S I G B  t H 

1C,DELT,XGO,PHl,XMACH,TIM - NB3- -F-- 
COMMON ATDL,xTOL,MND?,  8 

A 
A 

A 
A 
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ZLnZL/RADIAN A 53 
XLON=XLON/RADIAN A 5 4  
XLAT=XLAT/RADIAN A 55 
XLOB=XLOB/RADIAN A 5 6  

A 57 
POA=POA/RADIAN A 58 

A 59 
GAM=GAH/RADIAN A 60 
PB=PB/RADIAN A 61 
DPB=DPB/RADIAN A 62  
GAMC=GAMC/RADLAN A 63 
DZR=DZR/RADIAN A --b4-- 
ZRTL=ZRTL/RADIAN A 65 

A 66- GCTL=GCTL/RADiAN 
ZDD=ZDD/RADIAN A 67 
RANGE=RANGE/6076.1 

- .  A 68 
Zl=O. 0 A 69 

.- ___ XLAB=XLAB/RIDIAN ---_- --- 

GAMA=GAMA/RADLAN ~ _ _ _ -  

_I_ __ 

-- - l___l__ - - _. . . 
SET UP DATA ___  -. - __ __ 

KASE=l A 7 2  
CK23=623(KASE) 

A 75 
DRAG=O. 0 A 76 QATM=O. 0 

A 77 
Z=ZL 
IH=O 
lGR=O A =  
PRNTtTIM A 7 9  

A .- 80 
A 01 

-__- SIG=RANGE/RE 
DL=90./RADIAN*XLAT 

---- 
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. .  CALL CONTRL 
CALL OUTPUT A 1  

24 CALL SET (0) A 1  
IGRIO A i  
MND3=O A 1  
IND3=0 A 1  

A 1  f=.l 
GO TO ( 2 6 r 2 6 r 3 0 ~ 3 4 ) r  ICK+2 A 1  

__- 

A 1  
28 I C K r l  A 1  

-- - -__ 26 I F  ( X M A C H - X M B )  28,28830 -- - 

32 ICKr-1 A 3  
3 4  CALL CONTRL A 3  

A I  
a-j 

CALL DRG 
CALL RESULT- 
CALL ACCEL A 3  
I F  ( G A M - G A M A )  4 0 , 4 0 r 3 6  A :  

A :  
- .  A :  

A :  6 --: 

--- -__I-- 

36  IF (TIM-PRNT) 2 4 , 3 8 , 3 8  -- 

.. _ _  - - -- 3 8 T A L L  OUTPUT 
GO T O  2 4  

4 0  C A n - O W U T  
P R I N T  184  . A 
P R I N T  1 8 4  A 

__ - -- - 

A 
A 

CK23=C23(KASE) _.____ - 
4 2  CALLSET (0) A 

MND3oO A 
IND3+0 A 

A . F = . i  
1 GR=O A 

- __I 

-- PHIZPHI-DPB*DtLT --- -- 

- GO T O  5 4  ___- 

GO-70 ( 4 6 r 4 6 , 5 0 # 5 4 f r  ICK*2 A 
46  If ( X M A C H - X M B )  48 ,48850  A 
48 I C K r l  A 

A 
A- 50 IF ( A L T - A L T B )  5 2 , 5 2 r 5 4  
A 

7- 
5 2  ICKz-1 
5 4  C A L T C O N T R L  

CALL SET (1)- ~ - _ _  A 
CALL RUNGEK b 
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GO T O  70 A 160 
66 I F  ( A L T - A L T E )  68,68,70 A 161 
68 ICM=-1 A 162 

72 I F  ( T I M - P R N T )  76,74874 A 160 

76 C A L L  SET (0) A 1 4 6  
IGR=O A 167 

A 2 6 8  MND3=O 
I N D 3 = 7  A 16P- 

F= *h_- A 170 
78 C A L L  CONTRL A 1 7 1  

70 I t  (ABS ( G A M ) - A B S ( G A M C ) )  72 r 8 O r 8 0  A 1 b J  

-7'T C A L L  OUTPUT A 1 6 5  

--- . ________ 

A 172 
A 173- 
__- C A L L  SET (1) 

C A L L  RUNGEK 
C A L L  DRG A 174 
C A L L  R E S U L T  A 175 

A 1 7 6  
GO TO 60 A 177 

_- c A LL- _AKiEL-- . - - . __ - . 

- - 
- .  . . ~ -- - .- 

00 C A L L  OUTPUT 
P R I N T  190  
P R I N T  186 . A 1 7 9  

A 1 8 0  C A L L  SET ( 0 )  
A 1 8 1  
A 183- KASE=4 

C O N D I T I O N  COD, I___-.- ----- 

____--___-- C K 2 3 = C 2 3 ( K A S E )  -__I_ . . 
82 G O  TO ( 0 4 , 8 4 , 8 8 , 9 2 ) ,  ICK+2 
8 4  IF (XMACH-XM8 1 06, 86 * 88 A 1 8 4  
86 ICK=l A 185 

A 186 
88 IF ( A C T - A L T B )  9 0 , 9 0 1 9 2  A 167- 

- ___._. -- G O  T O  9 2  

90 ICKt-1 A - 188 - -. . - 
92 C A L L  S f T < O )  

MND3=0 A 1532 
1 N D 3 = 0  A 193-- 

A 201- 
C A L L  CONTRL 
C A L L  SET (1) 

A 2 0 2  

A 2 0 4  
A -2 0 3- 

A 2 0 s  

I - C A L L  ._ RUMGEK -. -__-- 4 _--I - 

C A L L  R E S U L T  -- - . - __ -- cAc - - - A - ~  L-- 
C A L L  D R G  

- -  _1-- - 

DELZ=ZR-Z 
IF ( D E L Z - D 7 R - . 0 0 0 0 1 1  100,100,94 A 1 9 0  

A 206 
A 2 0 7  
A 208 

P R I N T  192 A 209 
C A L L  SET ( 0 )  --- 

P R I N T  166 A 210 
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-- 
A 2  CON0 I T I ON 

KASE=5 A 2  
CK23=C23(KASE) 
T I M D = T I f l  A 2  
ZBZD=2.+(ZB-Z) A 2  
rec=o A 2  
IEND=O A 2  
Fn.1 A 2  
IP=O A 2  

A 2  
A 2  

D O T R = Z D D  
GO T O  130  

A 2  
A2 

1 0 2  GO T O  ( 1 0 4 ~ 1 0 4 , 1 0 8 ~ 1 1 2 ) ,  I C K * 2  
1 0 4 T  (XMACH 
1 0 6  ICK=l A 2  

GO T O  1 1 2  -A-2 
108 IF (ALT-ALTB)  110,110,112 A 2  

.- c 

X T B ) 0 ~ 6  , 1 0  8 

1 1 0  I C K Z - 1  A 2  
112 ZDDI=ZDD*DELT A 2  

D O T R = Z D D I - Z D D I * Z D D I / Z B Z D 1 ( T I M - T I M D )  A 2  
I F ( Z B - Z ) 1 1 4 ~ 1 1 4 ~ 1 1 6  - -- 

' A  2 
A 2  KASE=6 - -  

CK23=C23(KASE) 
G O  T O  132 A 2  

1 1 6  DELZ=ZDELT/DELT-DOTR A 2  
A 2  
A-2 

1 2 0  nZ=DElZ A 2  
A-2 

IF (PHI -9O. /RADIAN)  124,124,122 A 2  
1 2 2  PH1=90./RADIAN A 2  

IPS1 A 2  
A 2  
A 2  

-A -2 1 2  6 C An -S-rT-( 0 1 
IPCrO A 2  
IEND=O A 2  

A 2  
A- 2 

I P = O  F- ---- o-5 
A 2  
KZ 

IGRSO 

I N b 3 = 0  A 2  
I F  (TIM-PRNT) 130,128,128 A 2  

A Z  128 CALL OUTPUT 
A -  2 1 3 0  CALL C O N T R L  
A 2  
A 2  CALL R- 

CALL DRG A 2  
CALL RES ULT A 2  

A 2  

A 2  

CALL SET ( 0 )  A 2  
PRINT 1 9 4  A 2  
PRINT 106 A 2  

___---- 
1 1 4  PHI=O*O 

. __ 

__ _____ -- IF ( A B S ( D E L Z ) - . 0 0 2 )  _- 126,126,118 __ 
1 1 8  I F  (IP) 1 2 0 r 1 2 0 , 1 2 6  

-- 
CALL CONVERG ( I P C , I P , F , P H I , P H 2 , P H l ~ D Z I D Z 2 , D Z l ~ l ~ ~ ~ O )  

- -- 
1 2 4  CALLSET (1) 

GO T O  1 3 0  -__ _. 

___ - - - -- -_ -_ - --_ . ____-  - ---- -. 
__________._._.-- -___ -R-fqTTii(j----- 

_____ __ __ -. - __-_ _-_____-- 

1 3 2  CALL SET (11 -_ 

______- -___ _. CALL ACCEL 
F ( K  ASF-6 I 1 0 2 

C CONDITION E-f. 
1 3 4  s 1 I 4 

--I__ __ __ -. 
-- -33T-cAT-c--?Ls-uTp U T K-7 
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I: C O N D I T I O N  E-F IS P A R T  OF SUB CONTROL 
136 GO TO ( 1 3 8 . ~ 3 e , i 4 2 . 1 5 0 ) ,  ICK+Z 
138 I F  ( X M A C H - X M B )  1 4 0 ~ 1 4 0 , 1 4 2  

A 265 
A Z b b  
A 267 

7711 A D D = . 5 / R A D I A N  
T l s U . 0  
A L P H -  A n D  
I E N U - 0  

7 2 2  C A I L  D R G  
CO=CK27*CDO+CRl*CL*TAN(ALPH) 
T E H R = C L / C D  
I f ( T l - T E R M r 2 2 4 . 2 2 6 . 2 E 6  

A L F H I = A L P H  
A I_ PH = AL  PH + A C D 
G f l  T O  7 2 2  

7 2 4  T l = l t R M  

7 2 6  JF(1FND)22H.2C8..?Jil 
72R IEhlD.1 

A D D - . l / S A D I A N  
A L P H - A 1  P H l * A D l J  
GO TU 727 

731l A L k H r A L  D H l  
1 E N I ) - 0  
A L P H G = A L P H  
R F G z  T l * A l  T 
G f G = A T A N ( A l  T / H F G l  
RH-HR-FIFG 
G O  TO 161 

S G N 1 - U . 0  
A L l = A L T * .  5 
C A I  L A l M O S t ’ ( A L T . A N ~ 1  
RHO= A N S  ( 6 
R H ( l ( i = H C I D  
O S W = . ~ O R H O I . * V ~ L I V E I  *AHCA/WEMP 
A L P H = O .  0 
A U l J = . l / R A D I A N  

7 0 7  A1 PWsAL ’H+nCD 
C A I  L UFCG 
S T h M = OS W ( C W 2d CD 0 * C K 1 * C L 1 * AL PH a 1 A PI ( A L PI4 
I F  ( S T R M - 1  .O ) 2 0 5 . 7 f l S , i 0 9  

1 5 4  A t  T G - A I  T 

) 

_ .  209 P R I N T  7 1 1  
711 F O h M A T t l R H  r € n M . E X t : E F D f D  I .  I ) -  

7 0 5  S T H Y = A c  I N (  ‘. fRH1 
GO TO R 

C T ~ M - O S U I C I  I * A L * H  
I F C C T H M - 1 . 0  1 7 0 7 . 7 n 7 ,  i l l 9  

7 0 7  C I h M e A C O S ( l ’ r R N  1 
S G N = S 1 G Y ( 1  .SIRM-CIHC) 
I F ( S G N + S O N l  1 2 U 3 . 7 0  4 ,  i 0 3  

GI1 fll 7 0 2  

A L T = A L T G  
RFI ;=ALT /  I A N ( G I  G )  
UH = HH - W F G 
A L P H G - A L P H  , 

C L M X - C L  
T F G r H f G / ( V ~ L + L O S ( G A H I  I 

7 0 3  S6ful-SCII 

7114 G F ~ Z C T R Y  

C HOI  U T C I S  I h F U H M A T I O ~  
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C 
C 
C 

161 

156 

f 58 
160 

162 

i 6 4  

2 1 2  

2 3 4  
233 

C 
C 

166 
168 
172 

.- 

T E R M l r T E R M  
GO T O  1 5 6  

.......... .-. -. ..... ........ -.__ ............. A 29'  
A 3 0  
A 30 
A 30 

A 30 
A 30 

WHT=WHT*(l.-R~/DfNPM)**2. - .. - 
TB=RB/VEL 

CALL OUTPUl . _ -  

P R I N T  186 
...... ... .. ___ ............... 

PRINT 213 - - - -- _- 
F6RMAT(6HOGLIDE) 
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1 9 4  F O R M A T  ( 1 3 H  TIME REACHED) A 332 
195 FORMAT ( 1 6 H  PHI IS NCT ZEROrEiSe5) A 333 

END A 334- 

CONTRL COMMON 0 3  
COMMON G R , G R M X , A L P H , L T R N , I A L P , X L I F T , D R A G , ~ V D ~ V l , I ~ K  _ _  - -- - - € 3 4  
DRQ COMMON . B  5 

COMMON HHT, GN, CT,  G A M  E 9  
RESULT COMMON B 1 0  

INTEGRATION _ _ _ _ _ _ - - ~  COMMON ____ - -- - B 1 3  

lC,DELT,XGO,PHf,XMACH,TIM B 13 
COMMON ATOLrXfOL,MND3oIND3,F 8 1 6  

B 1 7  
DIMENSION XMAGHT(161, CLOTAB(161, C L l T A B ( 1 6 ) ,  CL2TAU(16) ,  C D O T A B ( 1  8---18- 

COMMON N R K , R A N G E , Z , G C E L T , V D E L T , A D E L T , R D E L T , Z D E L T , ~ L , V K , A M ~ R N , Z J , S F  e 1 4  

___I.----- COMMON ALTBrXMB ___ __ _ _  --- - 

ALTITUDE COhTHOL B 32  
4 IF ( I H I  8,8,6 B 3 3  
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TR-793-8-302 

4 8  I F  ( K A S E - 5 )  6 4 , 6 2 , 6 2  6 90 
50 I F  ( ItGC 1 52.22~92 a 91 
52 I F  ( A 8 S ( G A M - G A M C l - G C T L )  9 2 ~ 9 2 ~ 5 4  8 92 

-=GAM - G A M C  - 
CALL CONVERG (IGC,IEGC,F,ALPHBALPH2,A~PHl,DGAMIDGa,DG2BDGl~lB~~O) B 9 4  

58  ALPH=ATRN B 96 
ItGC 1 El Y 7  

8 98' 
--- 

B l o b  
-€i-mr 

62 CALL SET (1) B 102  
CALL DRG 8 1 0 3  

B 104 CALL R U N G E K  

B 1 0 6  

F I X E D  ALPHA - I A L P = l  8 1 0 8  
66 ALPH=ATRN 8 1 0 9  

B 1 1 0  
E---s%-%- 

QO T O  92 

B 1 1 2  
---IT-€ 13- 

D L l = O  a 0 B 1 1 4  
1 END=O B 115 

B 116 
s- r-17- -b-L-WL7 T / D R  A G 

- 

GDEG=CAMC*RADIAN 
P R I N T  100, G D t D  

e - i m -  __ 
- - ~ a o T o - s o  

--b4-Q0 T O ( 6  6 , 6 8 7 8 0 , 1 4  6 1 I A L P  
ALPHA CONTROL LObIC I N D I C A T O R  ! A L P  ____-_II_--__-- 

- - ._ 

L ITT~DR-KG--KA-X r-M u x ~ m 2  
.=- - -- 68 A D D = . 5 / R A D I A N  

- - _- - .- _ _ _ _  .~ L.PH- - A ~ - - - - -  - - 

__- ---_ - ~ _ _ _  I _-____ 70 CALL DRG 
_ _ _ -  

A L P H ~ = A L P H  B 1 2 0 -  
ALPH=ALPH*ADD B 121. 
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.- - 

159 R E T G = 2 5 , / R A D I A N  
A L P H = A T R N  
G O  T O  92 

161  R E T G = B E T G * D E L  
G O T O  1 5 4  

I E G T = O  - -. 
IF(TIM)92,92,148 

1 4 8  C A L L  RUNGtK 
X M A S = W W T / X G O  
GRAV=XbO*(Rt/H)**2 
X M O = W H T * t R E / R ) * * 2  
W D O T = - T W R / ( 3 6 U O , * S F C )  
T E R M =  A L T * W D O T  / 

_I____---.-- - .. _I--- 

V E L  + C K 2 1 * T H R - D R A G * t S * W D O T * V E L / G f f ~ V  __ - ___ ___ 
PERM=TERM/tm H - 2 * x Y 0 1 

I F ( T E R M ~ l , ) l 3 2 , 1 3 2 , 9 2  
1 3 2  G A M T = A S I N ( T E R M )  

92 C O N T I N U E  %I  
C G R  C O N T R O L  O V t R R l D t S  ALPU A C O N T R O L  

C A L L  R U N G E K  8 1  
C A L L  D R G  B 1  
CALL ACCEL - 0 1  

e 1  I F  ( A B S ( G R - G R M X ) - . ~ )  9879- 
- ---- - -- 

-____ ____ -_ _- - - 1 0 1  AiPH=ATRN 
99  R E T U R N  

100 FORMAT ( 5 H  GAMC0E15.5) 8 1  
1 0 2  F O R M A T  ( 1 2 H  ALT C O N T G O L )  8 1  
1 0 4  FORMAT(26H A L i 8  A N D  ) r M 8  BOTH _ - - -  REACHED - _ -  - -- 1 - 

--10-6-FO-RMA?' -{ 1 3 H  MACH- C d N f  R O L )  B . 1  
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. . - 3200 F O R T R A N  (2,1,0)/tffTS) / /  . ___ - 

2 IDD3=DELD/ABS(DELD) ---____-. IF (IDD3+1DDl) 4 ~ 6 ~ 4  c 0  
c 9  

ALPHl=ALPH c 11 
GO TO-?! C--U - 

- 

C 13 6 DELD21DELD 
c 14-- I DD2= I DD3 

AI PH2tAI PH C 15 
G O  TO 28  C 16 

___ ____.__-- __.- -__-____ 

IF (D2-Dl) 1 8 ~ 1 8 s 2 0  c 31 - ____ 18 IF IDl;lO,*D2) 26,26*22 c 32 

26 IND3= 2Bm 
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ALPH=O. 0 C m- -c ____-- 

4 4  IF ( I N D 3 )  4 6 r 5 2 r 4 8  

____I_ _ _  
50  P R I N T  5 4 ,  A L P H r D f L D  

3200 FORTRAN D I A G N C S T I C  RESULTS - FOR CONVfRG 

D 
D I M E N S I O N  G L ( 4 1 ,  V K ( ~ ) J  A M ( 4 1 ,  R N ( ~ ) J  Z J ( 4 )  D 

C CONTRL COMMON D 
COMMON G R ~ G R M X , A L P H , P T R N ~ I A L P , X L I F T ~ D R A G , G V I , I C K  D 

D C DRQ COMMON __ 
COMMON R H O , V E L , Q A T M , R E J A L T , R , S O S , C D O ~ C ~ l J C L , C L l ~ C L 2 , C L O , A R E A ~ ~ N , C K  D 

' C  A B E L L - C ~ O N  D 
COMMON WHT,GN,GT,GAM D 

C RESULT COMMON D 
COMMON R A D I A N I D E L T R ~ E E T A ~ D S I G , D L O N ~ D L A T , X L O ~ ~ X L A ~ ~ X L C ~ ~ X L A B J S I G B ~ ~  D 

C . I N T E G R A T I O N  COMMON D 

lC,DELT,XGO,PHI,XMACH,TIM D 
COMMON A T O L J X T O L I M N D ~ ~ I N D ~ ~ F  D 

D 

-___ SUBROUTINE -- - D R l i  - 

__-__-___ 

__ . 1 2 0 ~ C K 2 1 a T E , T H h , C K 2 3  -- 

ti-- - 

N R K , R X ~ E J Z J G C E L T  J V DELT P ADELT 9 RDELT , Z Dt L T  J 8L J V K B A M  8 RFLZJJTF --E- 

_- -___ ~ 

l B , Z E , Z l , D T P , P H N T  

CbMMON 

. - 

1 ,  C L l T A B ( 1 6 ) ,  C L 2 T A 8 ( 1 6 1  ___-_ 

- -- - - -- - - - DO 2 I = l , N T A B 1  --___ 
___I_ - 

I F  (xMAcH--XM-AXHT(I)) 4 , 2 , 2  D 
2 I T = I  D 
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% M ~ = X M A C H T ( I T - I )  D 33 
x M 2 = X M A C H T ( f T )  D 4 4  
C D O = Y 3 t C D O T A B ( I T ) , C D O T A B ( I T - l ) r X H A C H I X M 2 r X M l )  D 35 

C L l = Y 3 ( C L l T A B ( I T ) r C L I T A B O r X M A C M I X H 2 , X M l ) * R A D ~ A ~  D 37 

A T R N = Y 3 ( A T R ( I T ) r A T R ( I T ~ l ) r X M A C ~ , X M 2 , X ~ l ) / R A D I ~ N  D 39 
IF ( T I M )  6 * 6 ~ B  D 4 0  

6 ALPH=ATRN D 4 1  
8 C A L L  A TMOSP ( A L T P A N S )  -T---xT 

D 43  R H O = A N S ( 6 )  

Q A T M = * 5 * R H O * V k L * V E L  D 45 
R=RE+ALT D 46  

D 47 
X-L I F T = c L * Q A T M *  A R E  A D 4 0  

C L O = Y 3 ( C L O T A B ( I T ) r C L O T A 8 ( I 7  - 1 ) r X M A C H , X M 2 r X M l )  v 
* L 2 = Y J ( C L 2 T A B ( I T ) ,  * *  - - -D-Tr  

_- 
~ ~ ~ * A L P H + C I 2 * A L P H + A C P H ) + C K 2 d * C K 2 4  

DRAG=QATM+AREA*tCK22*CDO+CKl*CL*TAN(ALPH)) __ -.__- 

IF ( K A S E - 4 )  1 6 , 1 0 , 1 6  D 4 9  
1 0  I F ALPH -IT-5 1 1 6  I 16,2 4 

F 8  
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CO14MON N T A B ~ , X M A C H T , C L O T A B , C L ~ T A B ~ C L ~ T A B I C D O . T A B  F-- 
D I M E N S I O N  A T R ( l 6 1  F 
COMMON ATR F 
COMMON CK22 F 
COMMON IEND, IBR,KASE,CAMCaGC7L F 
COMMON I H a D h F U 0 D O T C  F 
GDEG=GAM*RAOIAN 
A D E G = A L P H * R 4 D l A N  F 
P D E G = P W I * R A D I A N  F 
Z D E G = f * R A D I A N  F 
P R I N T  8 F- 
CALL OUT ( ~ H T I M ~ T I M ~ ~ H W H ~ ~ W H ~ , S H V E L ~ V E L ~ ~ H R ~ N G D R A ~ G E / ~ O ~ ~ ~ ~ ~ ~ ~ G A ~ ~  __ 

CALL OUT ( ~ H A L T I A L T I ~ H P H I ~ P D E G , ~ H Z  , Z D E G , ~ H A L P H , A D E G I ~ H M A C H , X M A C H )  F 
* G m )  

X O U T = X L I F T  
I F t P H I * P O ~ O / R A D I A N ) 1 4 ~ 1 4 ~ 1 6  .___ 

IF ( S I N ( P H I ) - ~ 0 0 0 0 0 0 1 )  2 0 2 , 4  F 
2 ZDOT=O.O F 

GO T O  6 F 
F 
T- - 

4 Z D O T = Z D E L T / D E L T * R A D I A N  
6 CONTINUE 

( 2 H G H , G R , 4 H Z D O T ~ Z D 0 7 ~ 2 H Z B , Z B * R A D I A N ~ 4 H X L ~ ~ ~ X L O ~ + ~ A ~ I A N ~ 4 ~  - - - _____ - - __ F 

1 6  X O U T = - X L I F T  
-14  CALL O U T ( 3 H S O S ~ S O S , 4 C L I F T , X O U T ~ 4 H ~ R A G ~ D R A Q I 4 H Q A T M , Q A T M ~ 3 ~ R H O ~ ~ H O )  

__-.- _- ____ 

CALL OUT 

I F ( K A S E - 7 ) 1 2 , 1 0 , 1 0  
~ X L A T , X L A T * R A D I A N )  F 

- 
1 2  CALL O U T ( 4 H G A M C , G A M C * R A D I A N I 3 H f H R I T H R a T H R ~ 2 H G V ~ G V a 4 H  0 0 . 0 D 1 H  00.0) 

T 
I: 

-___- _ _ _ - ~  ___- -. - _. __ 1 0  PRNT=PRNT+DTP - - - - ._ _- 
R E T URN--' - 

- - c __ .___ 
C r 

8 FORMAT ( 1 H  ) F 
k N D  F 

\ 2 P R I N T  20, I I A  E 
GO T O  18 E 

E 
E-- 

4 l F  ( 1 3 - 4 H  I 806,8 
6 P R I N T  20, I , A a - I 2 0 A 2  

E 
6 IF ( 1 4 - 4 i - i  1 f 2 , i O I f Z  

~- _______ ._ - ___ . __ - 

-- ____-_ _ _  __ _____ G O  T O  18 __ _ _ _  

1 0  P R I N T  20, I I A P I ~ D A ~ ~ I ~ ~ A ~  E 
GO T O  18 E 

1 8  RETURN E 
C E 

E 
-E-- -  

C 

E 

__ ..__ _-.______II__ .-_______ ~ _ _ _ _  - 
20 FORMAT ( 1 H  , 5 ( A 4 , 3 X 0 € 1 2 , 5 , 3 X ) )  

_-_____ - - __ . . - - . - __  - _ _  - END ____ 

3200  FORTRAN D I A G N C S T I C  RESULTS - FOR OUT 
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COMMON WHTnGN#QT,GAM G 9  
R E S U L T  COMMON G 16 
COMMON R A D I A N I D E L T R , E E T A , D S I G , D L O N ~ D L A T , X L O N , X L A T ~ X L O B ~ X L A B ~ S ~ G B , R  - ~ _ _ _ _ - -  G 11 

18, ZE ,'Z%DTP,FHNT G IF 
I N T E G R A T I O N  COMFlON G 1 3  

l C , D E L T , X G O , P H i , X M A C H , T I M  G 19 
COMMON AfOL,X'rOL,MNDt,  I N D 3 , F  G 16 

- r - i - a -  
A C C E L E R A T I O h  t Q U A T I O P S  
G N = T H R / W H T + S T ( A L P H ) + X L I F T / W H T  

G 19 G T = T H R / W H T 2 C O S ( A L P H ) - D R A ~ / W H T  
GRZSQ-RT(GN+GN+OT*GT)  (r -23- 
Q V = G N * C O S ( G A M ) + G T + S I A ( G A M )  .-.. . . _- - .- G 2 1  
RETURN G 22 

COMMON N R K , R A I U G E , Z , G C E L ~ I V D E L T , A D E L T , R D E L T ~ Z D E L T , ~ L , V K , A M , R N , Z J , S ~  G 

G 1 7  -- 

_______ 

- 3 2 0 0  FORTRAN D I A G N C S T I C  R E S U L T S  - FOR ACCEL ___ - 

I /  __ 

H i  
H -2-- 

3200 FORTRAN ( P , l , O ) / G R T S )  _____----- 

-- SUBROUTINE RESULT 
D I M E N S I O N  ANS(7)  

H 5  ___ COMMON GR, GAMX, ALPH B ATRN, I ALP, XL I F T ,  DRAGIGV, G V l r  I G K  
DRQ COMMON H 6- 

--- COMMON R H O , V E L , Q A T M , ~ E , A L T B R , S O S , C D O , C K l , C L , C L 1 , C ~ 2 , C L O , A R E A , X N , C K  -- H 7 

I-_______ - 

120sCK21 ,TE,THH,CK23  
H 9  
H 10- 

ACCEL COMMOIV 
COMMON WHT,GNiGT,GAM 

lC,DELT,XGO,PHL,XMACH,TIM H 16 
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C C O N T R L  COMMON I 
COMMON GR,GRMX,ALPH,ATRN,IAl.P,XLIFT,DRAG0QV,GVI,I&K I 

- - T  __ C DRG COMMON __________-_--- 
COMMON R H O , V E L ~ Q A T M ~ ~ E , A L T , R , S O S , C D O 0 C K l ~ C L ~ C L l ~ C L 2 ~ C L O ~ A R E A ~ X N ~ C ~  I 

U € L N = V ? L  I 
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C A L L  DOTS I 39 
O N E 6 = 1 . / 6 *  I 4 0  

I 4 3  A D E L T Z D E L T A ( A M 1  
R D E L ~ ~ ~ E L T X ~  RN 
P D E L T = D E C T A ( Z J )  I 45 

I 4 6  
I 4 7  

V E L = V E L N + V D E L  f 

--3r 
RANQE=RANGN+RiJELT 

I 4 9  
A L T = a T N + A D t L T  
QAM=GAMN+GDELT 

I 33- 
I 5 1  

Z = Z N + Z b E L T  

T I M = T I M * D E L T  I 22  

I -vir- 

-__ 

W H T = W H T I T H R / ( ~ ~ O O . * S F C ) ~ ~ ~ ~ T  

I 5 3  
I; --- R E T U R N  

t N D  
___ 

3 2 0 0  F O R T R A N  DI A G N C S T I C  R E S U L T S  - R RUNGEK 
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C D R G  COMMON K '  
C O ~ R M O N - K H Z ~ - € L , Q  A TM , F; E A L  T , R 0 SOS , C D 0 8 C K  1 0 CL , C L l  0 C L  2 0 C L  0 ,  A R E A X K L C K K - -  

1 2 0 , C K 2 l r T E , T H H , C K 2 3  
K 

- 
C A C C E L  COMMON 

COMMON WHT,ONaGT,GAM K 
C R E S U L T  COMMON K l  

K 1  
C I N T E G R A T I O N  COMMON K l  

lC,DELT,XGO,PHI,XMACH,TIM K 1  
COMMON A T 0  L , X P O L , M N D Z , I N D 3 , F  K l  

K 1  
H 1  

C O N = X G O * ( R E / R ) * * 2  
~XMm/l-GU--~-- . 

V K ( N R K ) = ( T H R * C O S ( A L P ~ ) ~ D R A G ) / X M * S I N ( G A M ) + ( - C ~ N + ( V E L * C O S ~ G A M )  ) * * 2 / R  K 1 
1) - -- 

C L ( N R K ) ~ ( T H R * S I N ( A L P ~ ~ + X L I F T ) * C O S ( P H I ) / ~ X M * V E ~ ~ + C ~ S ~ G A M ~ * ~ ~ C O N / V E ~  K 2 
l * V k L * C O S ( G A M ) * + 2 / R )  K 2  

K 2  
K Z  
K 2  

A M ( N R K ) = V E L * S I N ( G A M )  

Fc-2 N R K = N R K + l  
R E T U R N  .-. . K 2  
E N D  K 2  

COMMON R A D I A N I D E L T R , E E T A E D S I ~ , D L O N , D L A T I X L O N , X L A T ~ X L O B , X L A B , S I G ~ , ~  K 1 - 
18, ZB, Ti ,DTP,PHNT 

~ M M O N N f T K , R A N G t r Z , G G E i , E L T , A D t L f , R D E L T , Z D E L T  , G L , V K , A M ~ - , ~ ~ - ; S F K T  

---I-- - ---___ 

- Z J ( N R K ) = S I N ( P H I ) * ( T H R * S I N ( A L B H ) + X L I F T ) / ( X M * V E L )  - 

R N ( N R K ) = R f + V E L + C O S ( G A M ) / R  -- 

-l__l_ I---- - - --I-_. . . I___ ..- - 
3200 F O R T R A N  D I A G N C S T I C  R E S U L T S  - FOR .ROTS 

C C O N T R L  COMMON L 
COMMON O R , G R M X , A L P H , 4 T R N , I A L P , X L I F T I D R A G ~ G V , G V l , I @ K  L 

' c  DRQ COMMON L 
COMMON R H O , V E L , Q A T M ~ ~ E , A L T , R 1 S D S , C D O I C K l r C L ~ C L l ~ C L 2 ~ C L O ~ A R E A ~ X ~ , C K  L . 

1 2 0 , C K 2 l r T E , T H H , C K 2 3  - E A C C E L  COMMON L 
COMMON WHT 9 ON, CT, GAM L 

C R E S U L T  COMMON L 

L 
COMMON ~ R K , R A N G E ~ Z , G C E L T I V D E L T , A D E L T , R D E L T , Z D E L ? , ~ L , V K , A M , R N , Z J , S F  'L 

C I N T E G R A T I O N  COMMON .____- __ 

lC,DELT,XGO,PHI,XMACH,?IM L 
COMMON A T O L , X T O L , M ~ D t r f ~ D ~ r F  i 

L 
A L T N = A L T  L 

2 V E L N = V E L  _- 

R A N G N S R A N C E  L 
T I  M N = T  I M L 

L Z N = Z  
L WHTN=WWT 
L G A M N = G A H  

R E T U R N  L 
4 V E L = V E L N  L 

A L T r A L T N  L 
R A N G E = R A N G N  L 

~- _- 

-- 
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Section V I  

EXAMPLES 
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A L  T 
sos 
GR 
GAMC 

T 1.M 
A L  T 
sos 
GR 
0 4 M C  

T I M  
A L T  
sos 
GR 
G A H C  

T l H  
A L  T 
sos 
GR 
GAMG 

T I M  
A C T  
SCIS 
GR 
GAMC 

T I M  
A i  T 
SOS 
GR 
GAMC 

T l M  
A L  T 
sf ls 
G R  
GAMC 

T I M  
At. T 
sns 
GU 
G A N C  

T I M  
A L  T 

GR 
sns 
G A M C  

T I N  
A L  T 
S O S  
GR 
GAMC 

T TM 
AL T 

OR 
G A M C  

T I N  

sns 

AL T 
sns 
GR 
GAMC 

T I M  
A L  T 

GR 
GAHC 

T I M  
A 1  T 
sos 
GR 
GAf lC  

T I M  

sns 

PI4 I 
L I F T  
Z U G T  
ThN 

WHI. 
P H I  
L I F T  
Z I I O T  
THri 

U H  1 
PH I 
L I l  T 
7 1 l C T  
T I J G  

HH T 
P H I  
L I k T  
Z D G T  
T H M  

kH I 
P H I  
L I C  T 
Z I I C T  
T H K  

W H  r 
PH 1 
L l k  T 
z1.c T 
THN 

WP i 
PM 1 
L l C T  
ZlJL 
r H h  

WhI 
PU I 
L I F T  
Z l r G T  
T nk 

WHT 
v u  I 
L I ~  r 
Z l i C  T 
rre 

UP r 
P H I  
L f 6  1 
z n u  
7 HW 

wr I 
PP 1 

7 :IC T 
THri 

WhT 
P H  1 
L l C T  
7 IlC T 
Tqn 

Wh I 
P l r  I 

Z l l G T  
THw 

W b  T 
P H I  
L I F T  
ZI'C T 

L I C  r 

LIC r 

. .- , 

.- 
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A L  T 
sos 
GR 
G A H C  

T I M  
A L T  
sos 
GR 
GAMC 

T I M  
A L T  
SOS 
GR 
G A H C  

T I M  
A L  T 
sos 
GR 
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T I M  
A L  T 
sos 
ci R 
GAMf '  

r rn 
A L  T 
s c s  
GQ 
Gpnc 

1 I M  
A L  T 
50s 
6H 
GAHC 

r i n  
Ai. T 
SOS 
GW 
GAMC 

T I M  
A 1  T 

GR 
t i A M C  

T rn 
A L  T 
sns 
GR 

- GdMC 

T I M  
AI  T 
sos 
6R 
GAMC 

T I M  
A L  T 
S O S  
tiR 
G A h C  

T I M  
A L  T 

GR 
fi A If C 

sns 

sns 

r I N  
A!. 1 
50s  
i,li 

G A M C  

T i t 1  
A C T  

U R  
GAM(' 

T I M  
A L  i 
5 P S  
G H  
GQMC 

T 1M 
A C T  
sos 
GR 
GAHC 

T IH 
a i  ! 
sn? 
LiJ 
bAMC 

sns 

- .  

. . .. 
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GR 
G A M C  

T I M  
A L  T 
sos ... 
G R  
GAMC 

T I M  
A L  
sos ._ 
GR 
GAMC 

T I M  
A L  T 
sos 
OR 
GAMC 

T I M  
A L  T 
SO5 
GR 
GAMC 

T I U  
A 1  T 
SDS . 
GR 
GAMC 

T I H  
AL T 
sns. - 
GR 
GAMC 

T 11* 
A L  T 
SOS 
GR 
GAMC 

T I M  
A L  7 
sos 
C R 
G'PHC 

T I M  
AL r 
50s 
GR 
GPHC 

T I M  
A L  T 

GD 
GAMC 

T I M  

5"s _- 
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GR 
G A M C  

T I M  
A L  T 
sos 
GR 
6AMC 

T1U 
A 1  T 
sos 
b R 
GAUC 

T In 
AL T 

GR 
GAMC 

T I M  
AL T 

GR 
GAUC 

sns 

sn s 

r i n  
A C  1 
sos 
OR 
GAUC 

r ru 
AL T 
SOS 
G R  
GAHC 

I i n  
A 1  T 
SflS 
GH 
GANC 

r in  
AL r 
sos 
l iR 
G A U c  

' IM 
A 1  T 
sn5 
r; b 

G b M f ;  
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T l U  
AI. r 
sns 
GR 
04MC 

T I M  
A L  T 
SnS 
GR 
G A W  

T I M  
A L  T 
sos 
GR 
OAMC 

T I f l  
A 1  T 

G P  
sns 

GAMC 

T l f l  
A L  T 

GR 
GAMC 

T I M  
A L  T 

GR 
G A M  

T I t 4  
AI. 1 
so5 
GR 
GAMC 

T l H  
b l  T 
sos 
CSP 
cinnc 

sns 

sns 
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T I M  
A C T  
sos 
6R 
OAMC 

T I M  
AC T 
sos 
GR 
GAMC 

1 1 M  
AL T 
sns 
GR 
G A M C  

T I M  
A L  T 

G H  
GAPlC 

I I M  
d L T  

(217 

G P H C  

T I M  
AL T 
50s 
GR 
U M C  

T i M  
ACT 

OR 
GAM(; 

sns 

s n s  . 

-so 
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i 1 M  
A I  r 
scs  
Ir 63 
G'AMc' 

1 IM 
A I  T 
SGS 
GR 
G L M O  

T I M  
AI- T 
SDS 
GR 
GAMC 

1 I t 4  
A L  T 
sos 
GR 
GAMC 

T I M  
P C T  
sos 
GR 
GAMC 

T LM 
P L  1 
sos 

G P M C  

TIN 
AL T 
5 0 s  
GR 
G A # C  

G n  

. . . . .  . -  
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r IH. 
A i  T 
S O 5  
GR 
GAUC 

GR 
GAMC 

T J M  
AI. 1 

GR 
GAMC 

TIM 
AL 
sos 
GR 
GAML 

T t U  
AL T 
sos 
GR 
GAHC 

T I M  
AL r 
sns 
GR 
QbMC 

T I M  
A L  T 

GR 
GAMC 

T I M  
A L  T 
sns 
GF, 
GAM[: 

sas 

sns 

T I M  
A L  T 
sns 
GbMC 
@a 

f l M  
A L T  

. so5 
GP 
G P M C  

T l U  
8 .16892E 0 0  
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T It4 
A L  T 
sos 
GR 
GAMC 

T I M  
A L T  
sos 
GR 
. GAMC _. 

T I M  
A L  T 
sos 
GR 
GAMC 

T I M  
A L  T 
sos 
GR 
GAWC 

T I M  
A L  T 
sos 
GR 
GAMC 

T I M  
A L T  
SOS 
GR 
GAMC 

T I M  
A C T  

GR 
GAMC 

r 1 M  
A L  T 
sos 
GR 
GAMC 

T I t4  
A L  T 
sos 
GR 
G A M C  

T 1 M  
A L  T 
sos 
GR 
GAMC 

T 14 
A L  T 
sos 
GR 
GAMC 

sns 

T I Y  
A L  T 
sos 
GR 
OAMC 

JlH" . 
A i T  

GR 
GAM(. 

sns 

6-15 



T I P  ._ 
AL T 
sos 
GR 
GAMC 

1l.M 
AL T 
sos - 
OR 
GAMC 
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I l M  
P L  T 
sos 
GR 
G4MC 

r iM 
A L  r 
SJS 
bU 
GCaC 

'IM 
A I .  

II R 
b A M C  

T I M  
A L  T 

GR 
GAMC 

T I M  

50s 
GR 
G A Y C  

T I M  
A L T  
sos 
GR 
GAMC. 

T I M  
A L  T 
sos 
GP 

sns 

sns 

A L  r 

GPtt-C- 

T I M  
A L  T 
50s 
GP 
GAMC 

T I M  
b L ?  
sos 
GR 
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T I M  
AL T 
sos 
!iR 
G A Y C  

T I M  

sos 
GR 
GAflC 

A L  r 

r r n  
4 L  
sns 
bR 
G A H C  

T I n  

so5 
GR 
GAMC 

T I M  
A L T  
scs 
GR 
GAML 

T l H  
A L  r 
sos 
GR 
GAWC 

A L  r 

r i n  
AL T 
50s 
(it? 
GAMC 

r I M  

sns 
A L  T 

6-18 



I li- 7 9  3- H- 302 

UR 
EkMC 

T I M  
A L T  
sos 
t i R  
G p n C  

t M  
A L T  
sos 
GR 
GAMC 

T I M  
AI. T 
sns 
GR 
OAMC 

T IM 
A L T  
sos 
GR 
GAMC 

T I M  
AL T 
sns 
GR 
tiAMC 

I I M  
AL T 

GR 
GAHC 

sns 

T r H  

sns 
AL T 

G R  
GAMC 

T I M  
A1 T 

t i R  
GAML 

sns 

. T I M  . 
AL T 
sos 
O R  
GAMC 

T I M  
AL T 
sos 
GR 
GAMC 

T i n  
ii T 
sos 
OR 
GAMC 

T I M  
*C f 
sos 
GR 
G A M C  

T I M  
A I  1 
sns 
OR 
GAMC 
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T I M  
A i  T 
sos 
t i R  
GAMC 

T I M  
A I -  T 
sns 
GR 
GAHC 

T I M  

sos 
tiR 
G A H C  

T I M  
AI. 1 
sos 
(iR 
GAM(: 

A C  r 

T I M  
A i  T 
SOS 
G H  
UAHC, 

1 i f 4  
A L  r 
sos 
GR 
t iAYL 

T 1 M  
AL T 
sos 
OR 
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T I M  
A L  T 
SOS 
GR 
G A H C  

T I M  
A L T  
sos 
GR 
G A M C  

T I M  
A L T  
sns 
GR 
D A M C  

T l M  
ALT 

GR 
G A M C  

T I M  
A C  r 
sos 
GR 
G A M C  

sns 

. - T I M  
A L  T 
sos 
(iR 
G P M C  

r i n  
AI- T 
sos 
t iR  
G A M C  

T I f 4  
A I  T 
sos 
GR 
GPML 

T I M  
AC T 
so S 

GAMC 

T I M  
Ai. T 

GI1 
G I M C  

T t H  
Al. T 
SRS 
GR 
G A M C  

w 

-sps 

T 1r 
A 1  I 
50s 
(ia 
G A ~ I L '  

1 I N  
A L  T 

GR 
G A n C  

sos 
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T In  
AL 
sos . 
GR 
GAMC 

T I M  
A L T  
s-0 s 
GR 
GAMC 

rrn 
4 L  r 
sos 
GR 
GAHC 

T I M  

G4MC 

T I M  
A L  T 
sos 
GR 
GAMC 

T l H  
AL T 
sos 
GR 
GAUC 

T X M  
A L T  
sos 
GR 
GdUC 
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GR 
GAMC 

T i n  
A L  T 
sos 
GR 
GbMC 

T I M  
A L  1 
sos 
GR 
G A M C  

T I M  
A L  T 
sos 
GR 
G A M C  

. T I M  
A L  T 
sos 
G R  
G A H C  

.TlH 
A L  T 
sos 
GR 
G A M C  

1 J M  
A L  T 
sos 
G 9  
GAMC 

T I M  
A C T  
sos 
GR 
G A M C  

T I M  

sos 
G R  
G A Y C  

AL r 

T L M  - 
A L  T 
sos 
GR 
G A M C  

- T-1.M 
A L  T 
5 0 s  
li R 
G A f l C  

T I t4 

sos  
(; P 
LAMI; 

T I M  
A I  r 
s ils 
ti4 
G A M C  

T I M  
A L  T 
s os 
GP 
o A M C  

A L  1 

r rn 

sos ~ 

A L  
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Gn 
( > b H l :  

1 I M  
A 1  T 
5 05 
GR 
GAMC 

7 I M  
PLT 
SDS 
GR 
GAYC 

r I M  
AL T 
5 0 s  
GR 
GAMC 

J I M  
A 1  T 
50s 
GR 
GAMC 

T I M  
AL T 

OR 
GAMC 

T I M  

sns 

A I  r 
sns 
GR 
GAf lC  

T I M  
A (  T 
sos 
6 R  
SAMC 

T ! M  
A 1  T 
535 
GR 
Q P Y C  

T 1M 
AL T 
\ r: 5 
i a  R 
G L H C  

r r n  
A L T  
S O 5  
bR 
RAMC 

I IFI 

sos 
GFf 
G h Y C  

T I M  
A I  1 
5 0 s  
bF4 
GAHC 

(c r 

r I Y  
AL r 
sos 
G i )  
G b N C  

7 I H  

5 0 s  
AI. r 
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G R  
G A W C  

TI* 
A L T  
sos 
G R  
G A M C  

r t w  
A L T  
sos 
GR 
G A M C  

T I M  
AI- T 
sos 
G R  
GAWC 

1 In 
A L  T 
SOS 
GR 
GAWC 

T I M  
A L T  
sos 
GO 
GAWC 

T I M  
A C T  
sos 
tin 
G b W C  

T I *  

sns 
G H  
GAWC 

AI. r 

r i w  

sos 
AI- T 

GR 
GAWC 

T I *  
A L  T 

G R  
G A M  

T I M  
A C T  
sos 
GR 
GAWC 

T IM 
A L  T 
sos 
tiR 
G A M C  

T I N  
A L  T 
SOS 
G R  
G A M C  

sns 

- 

r IM 
A C T  
SOS 
(iP 
G 4 MC 

T I *  

50s 
AI. r 
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L l F l  
Z P C T  
TI.* 

Wn I 
P" I 
L I F T  
Z i l C T  
T *N 

UHT - 
PW I 
L IFT  
Z n C T  
T h P  

W h T  
Ph i 
L I b T  
Z i I C T  
T W  

w~ r 
P-ii i 
L I F T  
Z D C T  
TH- 

WH' _ .  
PC 1 
LII. T 
711CT 
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t i R  
GbMC 

T I f l  

GR 
G A f l C  

t iR 
GAMC 

T I M  

sos 
GR 
t i41c  

1 IM 
A L  T 
sos 
GI? 
GAMC 

T I M  
4 L  T 

GR 
G A f l C  

T 1 1  
A L  

G H  
GAMC 

T I N  
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A T - -  EZQ4ls7E O $  PHI AJPQRQS Q2 9.500UlE 0% ALPY 4,OPLIPPE 9.1 -HAW -9.45086E PO 
SOS 9.55873E 02 LIFT -1.502911 04 ;RAG 1.282948 04 OATH 9.06181E 0 0  RCO 2.04407P-07 

4 2 5 8 ~ ~ ~  - __ -_ ._ . . ____ 28 Z 75 0 E 3- XLON 7.9932SE 0 1  XL AT 2.6 
- % 6 ~ % % % ~  GV 5:84:6:€-!2 

nl4 --- 4.SnOOOE 0 1  YHT 2.4C603E 05 VEL 9.41328E 03 RANa 6.62729E 0 1  W U  2.401661 00 

SOS 9.54580E 02 L I F T  -3.473771 04  DRAG 1.2S828E 04 OATH 8.89606E 00 RCO 2.007921-07 

GAHC -9.70000E 00 THR 0 GV 1.7471)98-02 

ALT 2.2(1(lbSE 05 P P I  LaPPOOE a? 2  NOOL OLE 01 ~ L P W  z.0am.E fii 9.861ia~ a o  
OR 7.858i~~~az- ZDOT o ZB z.75555~ oa XLON 7.99071~ 01 X L A T  2.84236~ 01 _..__ _ _  
T I M  4.40000E 01 YHT 2.46603E OS VEL 9.41051E 03 R4NB 6.780JBE 0 1  G4M 
&T . .2.29259E 05 PWl I.8OOODE 02 Z 9.5OOO1E 0 1  ALPH 3 .@00006  0 1  HACH 9.873746 00 
SOS 9.53375E 02 L I F T  -1.44706E 04 DRAG 1.23SbbE 04 04TM 8.743911 00 RCO 1.97474E-07 

0 28 .o 
OR 7.716231-02 Z D O l  2.7S605E 0 1  XLON 1.98817E 0 1  XLAT 2. 6 4 2 1 4 ~ ~ -  _ _  Q) 
04HC -9.70000E 00 THR 0 GV 1.61994E-02 0 

z 9.500011 01 ALPH 3.PPPOOE Pi KACH. 3.87953E 00 
ORAD 1.21500E 04 O A T M  8.604836 00 Rho 1.V4443E-07 
ZB 2.756538 02 XLON 7.9856JE 0 1  XLAT 2.84191E Oi 
GV 5.YE04SE-02 

VEL 9.40129E 03 RAND 7.086471 0 1  QAM 1.969211 00 
2 9.SOOnlE 0 1  lLPW 3.0DPODE 01. U C M  9.88754C 00 
DRAG 1.19623E 04 04TM 8.4783ZE 00 R C O  1.916881-07 

GY 5.50V10E-02 

VEL 9.40PB5E Oa 7.23947E 01 OAM 1.791941 0 0  
Z 9.5oooi~ 01 ALPH ~ . u a a o ~  a i  a m i  9..894?~ no 
DRAG' 1.17927E 04 0 1 T M  8.36394E 00 Rho 1.892001-07 
ZB 2.71746E 0 1  XLON 7.98OSSE 0 1  % L I T  2.841471 0 1  
QV 5 . ~ 6 9 ~ - 0 a  

___ -________ __ .. ___ 

zn Z . ~ S ~ P P P  02 XLPN 1.98ao9~ n~ XLAT z.eub9c ai 

__ - - . - R*NO __ ---___---I_--- -- 

-. . . . . 



aR ~ . o ~ ~ E - o z  
OAMC -9.70010I 00 

T I M  5.6OOOO5 0 1  
- 2 4 s  OL - 

50s 9.45709a nz 

_ _ -  
T f M  5.900001 0 7 -  m1 - 0 5 - 7  

SOS 9.4M091 02 L IF  83OE 04 D 
9R 6.W2SiE-02 290 93OE-04 Z 
GAMC -9.70000@ 00 THR 0 0  

- - -- - 
w o e  02 z 

_- -- .- - 
T I M  6.lOOOOE $1 UhT - 2 ~ 6 ~ 1 ~ ~ - ~ € ~ - 9 . 3 7 1 ) I p ~ Z i i B  

SOS 9.464101 02 LIFT -1.29766E 04  DRAO 1.10899E 04 

OAMC -9.700001 00 THR 0 GV 1.315606-02 

4L I  .Z-3UlLI.uE 05 PHI . 1.690001 Q2 2 9.50055E 01 -_ 

-- __ 6 . 2 0 0 0 0 E -  T I M  UHT 2.4660m 05 VEL 9.577646 0 3  -RANO 9.~31566 01 O A R  - 8 X 3 F 6 S Z i i -  
__- --- .- - -__ 

ALT ~ . I L ~ U E  Q$ PHI ~ . J O O O O E  a2 z P.JOO906 0 1  ALPH --?.OOQ!ULM HACH 0.9046QE 00 . 
SOS 9.467891 02 L l f T  -1.30498E 04 DRAG 1.11S161 04 QATW 7.924556 00 RCO 1.802266-07 

_PR 6.960816-02 ZDOT J.548lZE-03 t B  . ZL7b348E 0) XLON -7.94252104 XL1T_-_ZA838l4c 0 1  
OAMC -9.700101 00 THR 0 OV 5.Jf19295-01 

___ 
T f M  6.4OOOOE 01 -UHT 2 . 4 6 6 0 3 e o r r ~ ~ L - - ~ . 3 ~ O r - R A N 0  9.836771 0 1  OAM -1.214651 Ob-* 

. .ACT_. -2,31075E 05 PHI ~.SOOPPE 02 2 9,50187E 0 1  ALPU 3 , J O O _ O o _ E _ p I  _HAW 9.891756 00 
SOS 9.4783OE 02 LIFT -1.325OOE 04 DRAG 1.132086 04 OATH 8.03689E 00 RHO-. 1.828576-07 
OR 7967&8E-02 ZDOT 9.261196-03 LB t.7b4206 02 XL9N 7.937466 0 1  JLM 2.837705 0 1  
O I M C  -9.700001 P O  THR 0 OV 5.469111-02 

T f M  6.5OOOOE 0 1  YHT 2.466031 OS VEL 9.374836 Oa RANO 9.98934E 0 1  0 1 M  -1.39025s-06 
& T  Z,VUA26_05 PHl 1.450UOE 02 I 9,902485 0 1  ALPU S._OgO_OOE_DI 8AFM 9.884046 00 . 
SOS 9.484826 02 LIFT -1.33776E 0 4  DRAO 1.142866 0 4  OATH 8.108626 00 RhD 1.845236-07 

...... . . . .  .. . .. ... -. 

OB 7,13482E-02 ZDOT 6.09Q37h-OS ZB 2.764S5E PZ YLDN 7.9349-L X L U  L8X7476 0 1  
GAHC -9.70000P 00 THR 0 GV 5.135608-09 

T I M  6.600006 01 YMT 2.466OJE 05 VEL 9.37404E 03  RANO 1.014196 02 DAM -1.545396 00 
A I - & '  l . U M s " 2  ? e ~ n . x r 7 c  nr  AIDY x.nrUUlOc ni MACH 9-&35~~40 

SOS 9.492PlE 02 LIFT -1.352411 04 DRAG 1.155245 O b  OATH Us19097E 0 0  RCO 1.864286-07 
PR 1,222@81-02 ZDOT 6.096411-R3 28 2.764901 Q3 .XLQN 7.932/9+4L ALA1 2.837255 0 1  
OAMC -9.7000OE 00 THR 0 OV 5.41007E-02 

- T I M  6.70000E 01 YHT 2.466>3@ 05 VEL 9.373316 01 RANO 1.029446-02 -01% -1.74000E 00 

. ._ 

Ttn 6.roooae a i  YHT z . 4 6 6 0 3 ~  05 VTL 9 . ~ 7 2 6 4 ~  oa RANO 1.041696 02 arm -1.9130iC 00 
*LTm QL UL-1.3POIPCn:,-- 3L.- ALPM E 01 MACH -9gsJmahpo - - _.__ __  - 

SO5 9.5046OE 02 LIFT -1.3C734E 04 DRAG 1.184926 04 P A W  M E  0 0  RHO 1.9098fE-07 
GR 7.399096-02 ZDOT 8,423505-03 Z0 2,765608 03 XLON 7.927338 0 1  XLAT 2,836816 0 1  
OAHC -9.70OOOE 00 THR 0 OV 5.7*3945-02 

.- 
TIM - 6 . 9 0 0 0 0 ~  01 nHT z.4-6603~ os-  VEL 9.172046 oa R A N ~  1.05994~ 02 DAM -2.oe7365 00 

PI MACU P 

... 
OAMC -9.700001 00 THR 

1 f M  f.000106 0 1  YHT 

SO9 9.SSO41E 02 L 

OR 8.4124OE-02 LbOT 1.24161E-02 2.7b799E 0 3  XLON 7.909648 0 1  XLAT 2.83523E.01 
OAMC -9.7000OE 0 0  THR 0 6.607446-02 

- .  
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T I M  7.600001 0 1  Y H l  2.4C603E 05 VEL 9.16929E 03 RANO 1.16661E 0 2  ObM -3,2769SE 00 

TR-793-8-302 

ALL -,&266IOE OS PHI 9.OOOOOL 0 1  2 -9-LlSL9E Q% ALPM dd3OOOpE PI. NACII 9 J 4 6 6 4 E  00 
SO3 9 . 6 p 1 4 E  0 2  L I F T  1.615421 04  DRAB 1.177408 04 OAT# 9.665032 00 RCO 2.202016-07 -- - _.. 

o ov 6 . 0 ~ 9 2 7 ~ - 0 1  

111 7.70000E 0 1  YMT 3.466OSE OS- VEL . 9.S6906E OJ RAM0 1.11183E O i l  O I M  -3.442756 00 
ALT imw~s 05 PHI 9.114098 0% lLPM 3~PDPOOE 01 M I C H  9.72964E OD 
SOS 9.62941E 0 1  L I F T  

OAMC -9.70000% 00 TMR a. av 7. 

. AL1 2.2S5EIFi 05 PHI 
SOS 9.646171 02 L I F T  

OAMC -0.70000E 00 -IpnL TMR - 
- T I M  -7.9OOOOE 0 1  YMT -3.77076E 00 

201 9.66419E 02 L I F T  1.743291 04  ORA0 1.48531L 04 OATM 1.037709 0 1  RhO 2.364495-07 

OAMC -9.70000E 00 THR 0 OV 7.41001E-02 

nLi 2 . 2 a m ~  05 PHI ~.IOIOPE 01 z 9 . i t 7 6 4 ~  01 ALPY ~.OOOOPE aa wcn P . ~ S J ~ E P  00 

__ 9.- -Qz_IppL .-L.az&?I€*pL is-- .LJbSaE 8.2 --xLQIL-LQs%l€AL~2Amm Pi - 

T I M  1.OOOOOE 0 1  Y M l  2.4C6038 OS VEL 9.56861E 03 RANO 1.22750E 07 OAM -3.932E6E 00 

SOS 9.685711 02 L I F T  1.79198E 04 DRAG 1.52639E 04 OATH 1.06473E 0 1  RCO 2.42615E-07 

OAMC -9.7OOOOE 00 THR 0 OV 7.67408E-02 

ALT - ~ 2 4 2 9 3 ~  os PHI ~ . O O O P O E  01 L P.IIO~OE 01 ALPH PQMOPEPL a m  9 . 0 7 4 ~ 4 1  DO 

_-OEtll2 1DIu- L32hSAkO;L -ZL--- 2-lA1961E 92 X A J L - - d . I I J I D I E P 1 J U S a  OL ... - 
._ 

T I G  8.lOOEOE 0 1  YYT 2.466038 OS VEL 9.368109 03 RANO 1.242?2E 02 -$.89365E 08 
-ILz - -.2.2363ZE 05 PMI h.1110OOE 0 1  7. 9 J Z D z a E  0 1  U P H  LPODQWAl .AAC& - L b 5 4 8 4 E  0% 

505 9.70342E 02 L ICT 1.84395s 04  ORA0 1.570221 04  OATM 1.09S5SE 0 1  RMO 2.49184E-07 
-PB___e&?l l5&QZ-Ip(IL-L~-U-  -IB .. ..-i?A'~0MLPZ-&!lN 7.19446E 0 1  #LA1 2 . a  3aaE Pi ._ - - I______ 

01MC -9.7OOOOE 00 THR o GV 7.9128b~-o-a 

T I M  8.tOOOOE 0 1  NHT 2.4t603E 05 VEL 9.36834E 01 RANO 1.27315E-01 OAM -4.41116E 00 
_. 2,2224QE 05 PHI 5.50000E PI Z 9.52283E 0 1  ALPH J.OOOPOE 0 1  HACH 9 .613561 00 

505 9.74492s 02 L I F T  1.95E36E 04  DRAQ 1.666686 04 01111 i . l S b 7 8 E  0 1  RhO 2.63605E-07 
PR 1 . 0 4 2 8 ~ E - 0 1  LQQL- -LZ!482€=RZ - Z L A U ~ A E - O O L _ _ X L C * _  L B E ! l 4 & L X T -  3 9 3 3 4 Q E  pi - . __  _ _  
OAMC -9.70000E 00 THR o GV a . w 6 s ~ - o a  

f t M  8.40000E 0 1  YHT 2.4C605E OS VEL 9.3bO27E 0 3  RANG 1.2883bE 02 D I M  :4tS6?84E 00 
4 L I  . 2 2L514E 05 9 5240% 0 1  ALPH J~POOPOE 01 MACH 9.592005 0 0 . -  
SOS 917667SE 02 tf!T '2::!!!% 1: g R I Q  1:71960E 04 PATH 1.19140E 0 1  RbO 2.71498E-07 

-02 -.ZR 2 7 1 P Y P E g X  ALP!(_ -7AB91E PI & A T  - Z.BJZ1ZE ni - --&e--*** ET 1.21731E 0 GV 8.72531E-OP 
-PHJ REACHED .......................................~..~~~..~......~.........~.......~..........~..~..~..~...~~..~.~~.~..........~ 

T I M  0.50000E 0 1  YHT 2.4C603E 05 VEL 9.36811E OS RAN8 1.30357E 0 2  O I M  -4.723126. 00 
1 L T  -_z1p?~~€_o lPuC . -L399OPB.Q1 1 _. - 9 S Z L E  41- - d C W  _ _  4S&X!ULQ1.-U~!2!_-. Pd24S!.Q5E QE ._ _. - - _ _  
SOS 9.789296 02 L I F T  2.0e794E 04 DRAG 1.77587E 04 PATU 1.228146 0 1  RI.0  2.79876E-07 
QR 1.11:SlE-Ol ZDPT l . lC02EE-02 20 2.771321 OP XLON 7.88439E 0 1  XLAT 2.83294E 0 1  
GAHC -9.7000OE 00 THR 0 OV 9 .03 lOlE-02 

TIM 8 .60000E 0 1  NUT 2.466055 05 VFL 9.36814E 03 RbYG 1.310771 02 GAM -4.87800E 00 
ALT 2-19972E 05 P H I  4.50000E 0 1  Z Q.5264lE 0 1  ALPH d.OPOOUE 0 1  M I C H  9.54712E 00 
SOS 9.832536 02 L I F T  2.156918 04 DRAG 1.635656 04  OAfY 1.26712E 0 1  RCO 2.887621-07 

DAMC -9.70000E 00 THR 0 GV 9.31587E-UZ 
- c a - . ~ z n a r _ 1 ~ 1 ~ 2 1 ~ ~ ~ z .  -rn XLPH iaara~mr_-rur- ~.81ui l f ;n i .  - 

T I M  8.70000E 0 1  MHT 2.44603f OS VEL 9.36EU7E 03 RANO 1.33597% 02 0111 -5.032456 00 

SO5 9.856451 02 L I F T  2.25431E 04  ORA@ 1.89914E 04  QITH 1.30845E 0 1  RI.0  2.981856-07 

OANC 4 . 7 0 0 0 0 E  00 THR 0 GV 9.700Y9E-02 

A L I  2,19162t mc M1 1.SOOQOE 0 1  Z 9 . 1 2 7 6 5 ~  oi ALPH J.OOP00E 01 men 9 . 5 2 ~ 1 3 ~  no 
- .----i-amu&aa--aut~--~~~15a%raz---28 - - u w a &  QL -man .-~.nzss?&-rm- -xux-.2.&;udz nj 

TIN 8.EOOOOE 0 1  YHT 2.4t60SE 05 VEL 9.36798E 0 3  RANO 1.34V17E 02 DbH -5.18645E 00 
ALT 2.103288 05 PHI 4.5OOOOE 0 1  Z 9.52194E U 1  ALPH 3.PPOOOE 01 MbCH 9.499978 00 
$05 9.86107E 02 L I F T  2.31440E 04 DRAG 1.966b6E 04  OATH 1.35225E 0 1  RCO 3.08173E-07 

-QE. _ _  - 1-2sl$bE-Dl. ZMLL_-1~I53E-OZ ZL... U 7 2 U  0 2  X U N  . .LBZ~UEAl-_nbT 2 . U 3 2 2 f i  01 
PAMC - 9 . 7 0 o o o ~  00 Tun 0 GV 1.00676E-01 

TI* 6 .90000E 0 1  YHT 2.4t603E 05 YEL 
kLT - -2.174b98 05 PHI 4.50000E 0 1  Z 
SOS 9.88635E 02 L I F T  2.399428 04 DRAG 

O R I . 2 7 ( r a ; I E r O L - _ L M I  - &&eErOL.  IB- 
QAMC -9.70000C 00 THR 0 GV 

T I M  9.-OOOOOE 01 YHT 2.4CbOSE OS VEL 

SOS 9.91231E 02 L I F T  2.4C968E 04 DRAG 
OR u a a = u - - n z - - z a -  
QAUC -9.700OOE 0 0  THR 0 GV 

f i g  -KiFcionc 0% Ea?. 2 . 4 6 ~ 5 1 e - 0 5  VEL 

sos 9.938938 02 L IFT 2.5es47E 04 L A G  

- .  

-MI-- ~ ~ 5 8 4 ~  0% PWL-- +.~PPOQE n i  L 

A L I  - LL5A75E 05- PNI - 4.5QQ%pE QL 

0 ov 

9.36788E 03 RANO 1.36436E 02 GAM -5.J3998E 00 
9.53021E 0 1  ALPM 1 . 0 0 0 0 0 E  OI MACH 9.475511 0 0  
2.0318121 Ob O A r M  1.39860E 0 1  RCO 3.181566-07 
2 J 7 2 6 4 E  QZ U Y  --LQZ?3LEJlA JLAI  - L O J 2 P l E  0 1  
1.04561E-Ul 

9.Sb776E U S  RAM6 1.37955E 02 0 1 M  -5 .492991 00 

2.114UbE 0 4  OATM 1.44782E 0 1  R C O  3.29968E-07 
2.772925 9 2 .  x u ) y U -  i L 8 3 1 U E  0 1  
1.017OZE-01 

a.?ClC?E 03 PhUn i 39474F  -02 BAY -5  b4S47C 0 0  
9.53301E U l  ALPW J.OQOME 0 1  O I C H  9.42517E 0 0  
2.194b3E 0 4  P A W  1.49987E 0 1  WCO J.4184dE-07 

1.13089E-Dl 

q . 1 ~ 1 6 5 ~  01 iLpn $.nooooE 01 RICH 9 . 4 5 0 6 3 ~  00 

-w;UpIL ? . W E 0 1  xu L - 3 3 1 5 4 E .  0 1  

.. . 

. . . . . .- 

. . . .. 

__ - 
7 7 9 . 2 3 3 O b €  0 1  HUT 2.4660JF-05--  V E c - - - 9 . 3 b 7 4 l s  03 OANO 1.70992E 02 OAM -5.7973EE 00 

ALT 9zfiE 05 P H I  9 53457E 0:. ACPM 3,OgOOOE 0 1  MACH -9.399191 00 
--gas-- #.b66ZOF02 L I f f '  $:%%k~: ---2:2SOOPE 04 OATM 1.)540& 0 1  RLO 3.54418E-07 

OR 1.42906E-01 ZDOT 1.48914E-02 La 2 . 7 7 S b Z E P P X L O N  7.866758 0 1  XLAT 2.83130E 0 1  
0AMC -9.70000E 0 0  THR 0 GV 1.17747g-01 

TIM-- 9 . 3 1 0 O O E ~ l I  QHT- 2.4F6b3835 VEL -XS67T8€-0l  RANd 1.4251UE 02 Ob* ---5.94869E 00 
ALT 4 50000E O i  3-c5S412f 0 1  ALPM J.QOOOOE 0 1  MACH Y.3727QE 00 
SO$ $ ~ $ ~ ~ ! % ! ~  !?h 2:?5494E 04 gRAG 2.370746 04  GATM 1.61331E 0 1  R C O -  3.67732E-07 

- . - .. . I . 

GAMC -9.7OOOOE 00 

T I M  9.SOdOOE 0 1  96 1.45C45E 0 2  
ALT ? 117VZE 05 PHI  4.5000DE 0 1  Z 9.53941E 0 %  ALPH J~POOOOE 0 1  WCH 9.3182aE 00 
SO3 1:00318# 03 L IFT 3.OSObbE 04 DRAG 2.568788 04 ObTM 1.740371 0 1  Rho 3.96744E-07 

QAHC -9.7nQOOh 0 0  . 1MS 0 GV 1.335115E-Ul 
-OB--_f-blL03E-91 .ZRPT l,b?7.QZE:OZ 20 - 2 J 7 V a Q L  9 1  ~ - . J B s Y z B L  Q1 _&LAI---Z..-U3&5YE.R- . _ _  - - 

T I M  9.6ilOOOE 0 1  Y H r  2.4C603E OS VFL 9.36616E 0 3  RANG 1.47062E 02 BAH -6.398636 0 0  
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TR-793-8-302 
ACT 
sos 
OR 
EAMC 

T I M  
ACT 
so5 
OR 
QAMC 

T I M  
ALT 
SOS 
OR 
QAMC 

T I U  
ALr 
so5 
OR 
QAMC 

2 . l O l h i 6  05  
1 .008166 03 
1 . 6 7 9 1 6 ~ - 0 1  

-V.700OOE 00 

- 9 l n o o o e  n i  
2.097056 05 
1.011708 04  
1 .7Sl4 lE-01 

-9.7n010E 8 0  

PHI 
L I F T  
2DOT 
THR 

+.500OOE 0 1  2 9.541261 01. ALPH J.000006 0 1  MCCH 9,29032E 00 
3.1593JE 04 DRAG 2.67683E 04  O A l M  1.80947E 0 1  UFO 4.12532E-07 
1.74858E-02 28 2.174928 02 XLQR 1.850698 0 1  XCAT 2.UJ036E 01 

2.4CbO3E 05 VEL 9 .365681 OS RANG 1.48578E U2 . @AM -6.547111 00 

3.25578E 04 DRAG 2.191388 04 i 3 A T M  1 .882561 0 1  RCO 4.2 
-1.82359€-02 ZB . 2,775251 O l  >LON 7.85417E Q% . . 9.8 

0 GV 1.394138-01 
-__ - .-___ _-__ ._ 

4.500OOE 0 1  2 9 . 9 4 2 9 0 ~  v i  ALPH J .OOUOOE oa SASH 9 , 2 0 1 9 1 ~  oo 

0 GV 1.456821-81 

ntii  
PHI 
L I F T  
ZDOT 
THW 

.. 

-- - 
9 . a a a o o F o i  
2.086251 OS 
1.01430F u3 
1.828u01-01 

-9.700001 00 

- _  __  
YHT 
P H I "  
L I F T  
ZDPT 
THR 

- - - - - - - _ _ _ _ ~ _ _ _ _ _  
2 . 4 ~ 6 0 3 ~  05 VEL 9 . 3 6 5 1 2 ~  03 R A W  1 . 5 0 0 9 4 ~  02 GAU -6.694886 00 
4.5OQOOE 0 1  2 9.541881 0 1  ALPM J.POUOOE 0 1  l L C H  .?.23304E 00 
3.44046E 04 DRAG 2.91279E U4 OATH 1.95987E 0 1  Rho 4.4692lE-07 
l.POS14E-02 ZB 2.775588 02 XLON 1,85166 1 XLAT 2,82988E 0 1  

VEL 9.364471 0 3  RANG 1.51610 2 QbM -6.841751 00 
4.50000E 0 1  2 . 9.546878 0 1  ALPM 3.POPOOE 0 1  M C M  P.20373E 00 
3.5F38SE 04  DRAG 3.04148E 04 OAT*  2.041621 O f  ll*O 4.b5b29E-07 
1.917516-02 2B 2.775VOE 0 1  XLON 7,849151 9 1  XLAT Z.BZ964E 0 1  

T I M  l .OO~OoE-02 YCT 2.4C663i-O% VEL-. 9 .363716-63 R A N G - - T y % z 5 6  >Z---G3*--b.$Z77JE 00 
1LT 2.06394E 05 PHI  4.50000E P i  2 9.540V5E 0 1  ALPY 3 , 0 0 0 0 0 1  0 1  WCH 9.17397E 00 
SOS 1.020686 03 L I F T  3.756488 04 DRAG 3.177856 04  O A T M  2.128061 0 1  RCO 4.85421E-07 
OR 1.99525E-01 ZDOT 2.07699E-02 Z6 2.776236 02 XLQN 3.846641 0% XLAT 2.829401 0 1  
QAMC - V . ~ O O ~ O E  o o  THR 1 QV 1 .66dJ5E-dl  

T I M  l.n<OOf$ 02  Yl iT  27476i3:8-05-VEL --9;'j6204?6-03 Ri&%- 3:54679E 0 2  GAM--);1327% 00 
ALr 2.051438 85 PHI 4.50POPE 01  Z 9.551121 O &  ALPH 3.OOOOUE 0 %  MACH. 9 3 4 3 7 9 1  0 0  
SOS 1.023966 03 L I F T  3 .928061 0 4  DRAQ 3.322J7E U4 O A r M  2.21V45E 0 1  RCO 5.06360E-07 
OR 2.OPb47E-P1 ZDOT 2.173871-02 28 2,776568 U2 XLDN 7.844131 0 1  & A L  -9 .029IbE 01 
GAMC -9.70000E 0 0  1HH 0 GV 1.748Y5E-01 

o GV i . 5 2 3 & 3 ~ - 0 a  
2 .  , i 6 D 3 E - C 5 ~ - . -  - .___ - - - - - __ -- - _- - - . - - -- - - 

0 Q V  1.593H9E-01 
- -  _ _  . - 

. - __ - ___ -_ 

9 : . 3 6 1 C ~ 6 ~ ~ . R * N G  ___-. - __ -- 
1,561531 02  011 -7 .27680f  00 

ACT 2.040b96 09 PHI  4.50000E 0 1  Z 9.553JVE 0 1  ALPH J . O O U O O E  0 1  MACH 9.11317E 00 
SOS 1.07729F 0 3  L I F T  4.111598 0 4  D R I G  3.47549E 04  O A T M  2.31604E 01 HCO 5.205108-07 

GAMC -9.7OOOOF 0 0  THH 0 GV 1.63257E-Ul . 

. - - - 
TIM i .07anag ei- ~Tir -i;4ci;O3CT VEL--- 

ER 2 . 1 8 3 1 4 ~ - 0 1  ZDOT 2 . 2 7 2 4 8 ~ - 0 2  ZR 2.776888 oa XLON 7.841626 01 X C A T  2 . n 2 8 9 i ~  01 

- 
9 . 9 0 0 n o ~ ~ o i  
2.07321E 05 
1.01746E 03 
1.90919E-01 

-9.7n000E 00 

w i d 1  - 

znot 
PHI 
L I F T  

THM 

. 
TIM ~ . O ~ O O O E  02  ~ H T  274?&GiK-C's VEL B . S u 7 Z E u f  
ACT 2.018726 U¶ PHI 4.500001 0 1  2 9.555116 0 1  
SOS 1.03067C OS L I F T  4.305241 04  ORA6 3.63771E 04  
OR 2.28558F-01 ZUGT 2.379161-02 28 2 . 7 7 7 i l E  UZ 
GAM - 9 . 7 o o n o ~  0 0  TH* 0 GY 1.921IOE-Ul 

-_______ ____-- - _ -  - 
RANG 1.57666E 02 GAM -7.419771 00 
ACPH J.OOOOUE 0 1  MLCH 9.08214E 00 
OATU 2.418131 0 1  IICO 5.519411-07 
XLON 7 . 8 3 9 l l E  0 1  XLLT 2.82867f 0 1  

-_ . -  
RANG 1.5917% 02 -33% -;7.56162€ 00 
ACPH 3.OOUOOL 01 UACH 9.U5070E 00 
OATH 2.526021 0 1  WCO 5.7372JE-W- - - 
XLON I.8366OE 0 1  XLAT 2.02842E 0 1  

ACT 2.016518 05 
SO5 1.03411E 03 
OR 2 .394138-01 
QAMC - 9 . 7 o o n e ~  u o  

9.5582bL 0 1  
L I F T  4 .5104IE 04 DRAG 3.80957E 04 
ZGOT 2.45227E-02 20 2.777546 U2 
THh 0 GV 2.016426-01 

PHI 4 .wonoE 01 2 

- ._ 
R - f i l F  - 1.6(16918 02  ---aK-'- --7.7OP29E-O0-- 
ALPH J.OO0OUE 0 1  NACH V.Ul88ZI  00 
OATH 2.64u01E 0 1  WCO b.029341-07 
XLON 1.854BVE 0 1  X L A T  2.828181 0 1  . 

1.05000E 02- 
ALl Z.On400F 05 
SOS t .nS760t  03 
GR 2 .50V12t -01  
GAnc -9.7n0006 n o  

PHI ~ . S O O ~ O E  o i  z 
L IFT 4 . 7 i 7 9 3 E  0 4  DRAG 
ZDCT 2.612186-02 28 
THH 0 GY 

UHl 2.4C603E 0% VEL 

L I F T  4.95032E 04 D R I G  

__ - - 
PHI ~ . ~ O U O U E  01 z 

8.560186 0 1  
3.991798 0 4  
2.77767b U2 
2.116811-01 

- 9  .%bS7E".O3 
9.36Jb21 0 1  
4.184J76 0 4  

- 
TlU 1.ibanaE -02 
A C T  1.991436 05 
SO5 1.041156 U 3  

ACPH 
QATU 

XLON 

RANG 
ALPH 
O A I M  
XLON 

RANG 
Alp# 

XLON 
PA in 

RANG 
ALPH 
O A T H  
XLON 

RANG 
ALPH 
O A l M  
XLON 

RANG 
ALPH 
Q A T M  
XLON 

RANG 

J.OOODOE 01 WCH 8.'98659€ 0 0  
2.761426 0 1  960  b.30653E-07 

GR 2.63094E-51 
mnc - Y . ~ O O ~ O E  0 0  

T I M  1.07000E 02  

ZDOT 2.7:929~-02 za 
THR 0 GV 

UHT 2.4C60JE 05 VEL 
PHL C 5 4 0 D O E  01 Z 
L I F T  5.202316 04 DRLG 
ZQUT 2.874031-02 ZB 
Tun 0 GV 

YHT 2.4C603E 05 VFL 
PKI --.ciouonEni- I 
L I F T  5.4fOflfJE 04 DRkG 
ZDOT 4.014846-02 ZB 
THR 0 GV 

YHT 2.4C603E 05 VEL 

2 . 7 7 s ~ ~ ~ -  U L  
2.223J>E-01 

9.354b6E U3 

1.831598 0 1  XLAT 2.82793k 0 1  

1.6JIlJE 02 F L U  -7.97979E 00 
LOUUOUE 0 1  luwl .8.95395€.00 
C.88160E 01 9 C O  6.599641-07 
7.82V08E 0 1  XLAT 2 .82768t  0 1  

1.652231 02 GAM -8.11648E 00 

. A T  1.978556 05 
50s 1.044746 0 3  
OR 2.75996C-01 
QAMC -9.70000E 0 0  

9.56649k 0 1  
4 . 3 0 n w E  04 
2.77d)Jt 02  
2.336146-Ul 

Ttn  i .onono6 02  
-ALL. ' L P 6 5 4 6 €  05 

SOS 1.04838F US 
GR 2.896605-01 
GAMC -9.79000h 00 

rim 1.09000E 02 

V.352541 03  
9.56VLlE UL 
4.60463E C4 
2.77RH7E 0 2  
2 .45289t -Ul  

9.3501'9E 0 3  
9.572h7E 01 

2.77YYUE uz 
2.5tJdbUE-UY 

9.34JCUE 0 3  

4 . n 3 ~ 4 i t  ~4 

1.667328 02  GAM -8.25168E 00 

5.16367E 0 1  RCO 7.257228-07 
7.824086 0 1  XLAT 2 .827191 0 1  

4 . o n o m  PI _. UGH u . a e z 4 ~  QO - - 

1 . 6 . m i 6  02 GAR - 8 . ~ 8 5 3 2 ~  o o  
JdlOOOYE 81 MCt. - B A 5 3 6 b E  M. . . 
J.3135LE 0 1  HCO 7.58359L-07 
f.821588 0 1  XLAI 2.826936 0 1  

1 . 6 9 7 4 8 ~  02  GAH - n . 5 i n i ~  00 
L O O D O P E  LU SAX - fuilp14Em _ _ _ _  - __ 
3.47123E 0 1  HCO 7.9496VE-07 
1.81'3081 01.. XLAT. 2.82668E--Oi. , I 

1.712556 02 GAM -8.647546 00 

-111 

-.ALL_ . 1 . 9 5 ~ ~  ns 
GQ ~ . 0 4 1 2 7 ~ - 1 1 1  
SOS 1.052078 03 

PAMC -Y.7OoOOF O U  

PHI.. I - ~ O O O O E  a i  z 
L I F T  5.7346JE 0 4  DRAG 
ZDGT 3 . l C 8 l l E - 0 2  ZR 
THH 0 GV 

YHT Z.rlC6OJE 05 VEL 

L I F T  6.02447E 0 4  DRAG 

TMY 0 GV 

P ~ I  'I.snwne 01 2 

ZDOT 3 . 3 i e 5 5 ~ - 0 2  2s 

-ALL-. .- L.93862E 02  

OR 3.1044ZE-01 
SDS 1 . 0 5 5 ~ 1 6  03 

GAMC - 9 . 7 0 0 n o ~  uo 

9.576CLUB 0 1  
5.079558 0 4  
2.17V53E 0 2  
2.7170 1E - 0  1 

9.345n'JE 0 3  
9.579508 0 1  
5 . 3 3 1 7 5 t  04 
it. 779R1E -UZ 

* ~ . I S V ~ U E - O ~  

UHT 2.4C60JE 04 VEL 
PHI 4.5OOQOE a1 2 . 
L I F T  6.331281 04 DRAG 

THh 

ALT __ .L$24E8€ 05 

GR 3.356508-01 
sos 1.05959h 03 

QAMC - 9 . 7 1 0 0 0 ~  00 

Y U I  2.4C603E 05 VFL 9 . 3 4 2 ~ 2 ~  oa 

2 . 7 8 ~ 1 ~  02  

9.58318E 0 1  
5.602118 U4 

3.009998-01 

_- A I L -  l r 9 ) 9 9 4 F  05 - P_HI . .&500OOE 01 .Z 
SOS 1.06342E 03 L I F T  6.b55VUE 04  DRAG 
GR 3.578018-01 ZDOT 3.678451-02 28 
GAMC - Y . ~ O O ~ O F  u o  THN 0 GV 

T I M  1.1JOOOE 02  kH1 2.4C6036 05 VFL 9.338698 0 3  RANG 1.727618 02  GAU -8.77592E 00 

SOS 1.06729h 0.3 L I F T  6.959528 04  BRAG 5.0U942E 04  5 A f U  J.81J48E 0 1  RbO 0.745415-07 

QAMC -9.7OOOOE O U  TMU 0 Gv 3.169528-01 

T I M  1.ldOOOB 02 NUT 2.4C605E 09 YEL 9.335031 03 RANG 1.742661 02 Q4M -8.P0235E 0 0  

SOS 1.07120E 03 L I F T  7.3C29OE 04  DRAG 6.192401 0 4  QATM 3.99U61)E 0 1  HbO 9.177311-07 

GAMC -9.700008 00 THR' 0 PV 3.3383bE-Ui 

T I M  1.15OOOE 02  YHT 2.4C603E 05 VEL 9.3T103E 03 RAND 1.757698 02.- GAM -9.02672E 00 

SOS 1.075151 03 L I F T  7.74714E 04  DRAG 6.51279E 04 DATU 4.19JBbE 0 1  HLO V.6335OE-07 
OR 4.10417E-01 ZDOT 4.21467E-02 28 2.781138 02 XLOH 7.809118 0 1  X L A T  2 .825661 0 1  
QAMC -9.700006 00 THU 0 GV 3.511liOE-01 

T I M  l.lbOOOE 02  YHT 2.4C603E 05 VEL 9.326b61 03 RANG 1.772726 0 2  GAM -9.14890E 00 

SOS 1.07913C 03  L IFT 8.153301 04 DRAQ 6 .851841 0 4  OATH 4.39'9466 0 1  RCO 1.OllW 
GR 4.318566-01'  2001 4.5108HE-02 20 2 .781981 02  XLON 1 . 8 U b b d E  0 1  XLAT 2.82539E 0 1  
QAMC -9.700006 0 0  THR 0 Gv 3.70393E-UX 

-J&-T --1,8967PE 05- W L -  -4.5OCnQE I t  2 _ -P.W10.5L 8 1  4 a K  - ~ ~ ~ ! t € J -  MACH ML742%?lLPe.._- _ _  
GR ~ . 7 n v 4 4 e - o i  ZDOT J , ~ C P O ~ E - O ~  28 2.7811556 02 XLON ?.814098 a i  ELAT 2 . 8 2 6 1 7 ~  0 1  

_Ut-. _1,88zA4f QS--PU1 .-ATeeepE91-2 SdeL11E_e), dl.€!I!!--ApY.QGLgl MACH __ 
QR . 3,901SlF-01 2UGT 0958-02 28 2.7808'9E ua ~ L O N  7 . 8 1 ~ 6 0 ~  01 XLAT 2 . 0 2 5 9 1 ~  01 . -  

-..AlJ-J&2%lk-Q?- 2.!1--- LZ.9.2IPL.pL - A U L D U P P E - P L U b C H  8 . b 7 a p V  L--- _- 

-A!.J_ 1.813171 05 PHl . -3 .5~nMPE_a+_Z--952%U Pl. dlpH __ J 9 M P O E  0 1  UACH 8 647 - - -- . - 
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TR-793-8-302 
T I M  1.17000F 02 Y H l  2.4C603E 05, VEL 9.37100E 0 3  RANG 1.78774E 02 GbM -9.268788 00 

SO9 1.0BS16E 03 L I F T  8.5C248E 04 DRAG 7.208116 04  PAT*  4.615 U i.Ob239E-06 

GAMC -9.7oon0~ ou inn 0 GV 3.90567E-QL 

T I M  1.100OOE 02 YMI 

.ALT 1.83824E 0 3  PHI 4.5000UE 0 1  2 9.6oq67~ 01 iLPn J.OOOOOE a i  w c w  e.boez3~ OB 

s h - - 4 , 1 4 5 a s t r l l ~  DOL- AL~OZSE-~.,L- ZL-- z-zaudt L- XLW 2 . ~ 3  AL -2.- -_ 

- ALT - L82314E 03 

_____ .- 
UAMC -9.?00086 00 

i i n  i.19aom 02 

- E B - - - 5 9 1 6 z s b L 1 - - 5  
GAMC -9.7nao0~ 00 :MU 

TIM 1.20000~ 02 u w  2. 
ALT 1.792¶0E 05 PWI 4.50POQE 0 1  2 
SO5 1.095438 03 L I F T  1.00195E 05 ORAG 

. &-.- 5Al322E-9L Z M t  . -1-55432E-82 -2. '_  
GAMC -9.7nOOOE (IO THO 0 GV 4.57319E-01 

TIM 1.210110~ 02  WHT 2.4~603~ 05 VEL P . Z ~ ~ ~ S E  03 RANG 1,84767~ O P  G i n  -9.7~2616 00 
ALT 1.776711Fr OY I'M1 4.5000fiE 01 2 9.626356 El ALPV I.OOIOUE 0 1  MACH U.45627E 00 
SO5 1.09950E 03 L I F T  t.05522E 05 DRAG 6.841J6k (I* OATM .).(IRU31E 01 h'C0 1.2Y550E-06 

GAMC -9.7COOOE 00  TMR 0 GV 4.82J45E-Ul 
PAIC REACNO ..**...*.. r........*.....t.....*........~..~..*....*........~.~.... .........................*.............**.**.*. 
S-. 32%.4OSE-!ll - U Q J  . 4 A m i I E - P L  - 1 8  - - 2.78SJ4E a2 X L O K - - I J S U U L  U XLAI  ZA2IU6E 0 1  . 

- -. 
TIM 1.22000E 02 nHT 2.466036 0 5  VEL 9.291166 U3 HANG 

SO5 1.10375E OS L I F T  1.11131E 05 DRAG 9.313-1E U 4  ObTM 
GR L87975E-UI Z O O 1  0 7.8 2.7tJS/UE u 1  ZCGN 
UAMC -9.80337E 00 TMH 0 GV 5.0837UE-Ul 

T I M  ~.2'50006 02 YHT 2.4C603E 05 YFL 9.28S39E UJ 'RANG 

SOS 1.10575F OJ L I F T  l.1749VE OS ORA0 9.M4CcJE 04  OATM 
GR 6.21551E-01 ZUCT U ZR 2.784U6E 02  
GAOC - ~ . B I P ' ~ ~ E  00 Tnn 0 GV 5.37884E-U1 

T I M  1.24000E 02 Y H l  2.416036 05 VEL 9.2749LE 0 4  
ALI d . 2 2 9 1 6 L Y s  P W i -  __ ... 9 2 _ _ _ _  9.*243?E U 1  
SOS 1.1115756 03 L I F T  1.2451YE 05 ORA0 1.042UlE I)> 
GR 6.5RbZOF-01 ZOO1 i) ZB 2.78441E 02 
G1MC -9.95034e 110 THW 0 Gv 5.70413E-ul 

._ALL ___t2bto2f-aW- mi.___ 3.-____ ~A~LWLYL .dLpn 

_. 

-ALL - ~ 2 4 5 ~ 4 ~  ~L..-P&.- ___ A --- - - f&2a.f~ u~ -.wn 
1.877566 02 UAM -9.U7952t 00 

b.lPJ78E 01 HCO 1.437386-06 
7.789266 01 XLA? 2.823526 0 1  

I.Q?YYUE_P~ nbCH i+.1925,5~~ on . -  

XLON 

R A &  
-ALPY 

a& r m  
XLON 

RANG 
&LEU 
01 rc 
XLON 

RAilG 
ALPY 
O A l M  
XLON 

RANG 
ALPH 

XLON 
O A  ru 

R A Y G  
ALPM 
OATN 
XLPN 

RANG 
ALPn 
QbrW 
WQL 

RbIsG 
ALPU 
OA I N  
XLON 

RANG 
ALPY 
ObTM 
XLON 

RANG 
Liir 
OATM 
EAQN 

RANG 

bbM -9.95034E 00 
%!CY O.JW7916 PO 
HCO 1.Y23066-06 
X L A I  2.U232DE 0 1  

GbV -1-.eUt566 O f  

rlC0 1.6144UE-06 
XLAT 2.822986 0 1  

- -  
nbCH ~ ~ 4 7 9 5 9 ~  00 

TIM 1.2500OE 02 HY? 2.4C603E 05 VEL 
4LI m p T . ? 9  P*L - ._.- --Q-.L. - sos t.in57~~ us LIFT 1.3181~~ as DIAG 
OR 6.971ROF-01 ZOCT 3 ze 
GAMC -1.011156E 0 1  1hR 3 GV 

9.2W72E L J  
9,.b2(3bE 0 1  
1.IOJUOE 05 
2 . 7 8 4 ~ ~  u2 
6.042rOE-UI 

9.25573E 83 
9.626.'26 81 
1.168k6E U S  

6.40115k-01 
2.78911~ a2 

1.987386 02 
> . @ l U 0 0 €  0 %  
6.93UlIE 01 
7.7843PE 01 

71M 1.26000F 02 Y H I  2.4t60JE 05 VEL 1.9222bE 02 
S . O O O O C E  01 
1.33216E - 0 1  
7,78186C 01 

G A M  -1.U0748E 0 1  
M b C H  U.37055E 0 0  
r lC0 1. lillS6-06 
X L A T  2.U22711 0 1  

T I M  1.27000F 02 YHT 2.4C605E 05 VEL 
ALT i.6aa71t O Y  en1 0 2  
505 1.105756 03 L l F T  1.4779OE 05 ORA0 

4 R - - - . L B - - O l  ZQ5T . a m  
G A I C  -1.01278t 01 1YW 0 ov 

0.24.001 JJ 
9.6263% 01 
1 . 2 3 7 ~ J E  05 

b.781906-01 
Z . I ( I Y . ~ O L  uz 

1.9311JE 02 
J.O@OOOE 01 
1.7w11E 01 
?.77YJVE 81 

T I M  1.2R00Ot 02 UYT 2.4C603E 05 VFL 
ALT 1.6644SE 05 PMl 0 2  
SOS l.lI575L 03 LIFT 1.5C516E 05 DRAG 

GAMC -1.017411~ 01 w n  0 GV 
~ ~ - - a - m z ~ ~ i  ZOCL -.. o . 2&- .  

9.233178 U3 
9.62635E U? 
l.Slu13E Ob 
2 . 7 1 5 U E  02 
7. ls5YmE-nt 

1.9519tlE 02 
3.OOOOGE 01 
ll.20913E 01 
l.lZ694E U 

GAM -1.0174OE 0 1  
W C t I  U.35015E OD 
*CO 1.YZS87k-06 
&AI. - LWWE ai 

GbI I  -1.u213OE 0 1  
MACH 8.3386JE 0 0  
RbO 2.04335E-06 
XLAT ~ . O U P I L ~  a 2  

Ob* -1.014456 01 
NbCH 8.32626E 00 
RCO 2.16129€-06 
XLAT Z.BZl43E 01 

GAM -1.U2679E 0 1  

T I M  1.29011Ot 0 2  U h l  2.4C6036 05 VFL 

SOS l.ln575F 0 3  L I F T  1.657636 OS ORAG 
ALT 1.64810f 0 3  PPI 3 2  

G!L - __ L749?&-01 ZOO1 - . A  ze 
GAMC -1.071SOC 0 1  THH 1 GV 

1.966dlE 0 2  

8.b8601E 01 
J.00UOUE 01 

1.774401 0 1  

TIM i - s n e o o r  02 YHT 2.466036 05 VEL 
ALT 1.6317.f 05 P H I  a z  
SOS 1.1057% 03 Llf'T 1.7J5SZE 05 DR4G 
OR I 9.ul294Frai Z O O T  - . n IS . 
GAMC -1.OP.451 0 1  THH 0 ov 
r w  1.31000F 02 nu7 2.4fbOJE 05 VEL 

9.206/7E U 3  
9.626Jat U i  
1.44vr1t 05 
2.78b496 02  
8.014~ie-ui 

9.19i~bE ua 

2.786n3~ 02 

9.b26JSE 0 1  
1.5556ZE US 

U . 5 4 2 S V € - O 1  

9.1761151 U 3  
9.b2iJ56 1.b46BYE 01 09 

ZLIQ2.6E 02. 
9.045,7E-01 

1.9904OE 02 

9.158906 03 
9.62635E 01 
1.743026 85 

2.UZbWE 02  CAN -1.028861 01 
ALPY 
0 . I Y  

TIM 
ALT 
SGS 
OR m€- 

2.4C603E 05 VFL 
1.71920E 0 1  2 
2.2050bE 05 DRAG 
s.g55Ja&opa- &..- 

0 GV 

t i n  
ALT sos 
QR-- 
GAMC 

T I M  
AL T 
sos 

- Q!!- 
GAOC 

T I M  

L 9.121671 

RAG 1.Y5296E 
- - . . -. _. 

2.4C231E 05 DRAG 2.07593E OS QAlM 1.2897JE 02 HbO 3.115346-06 
9.459?7EzV2 zk-.-SJfr?a5Qf G 2  aLuN LLSliLE. UL X L A L  -L.QZOILE 01 _- . 

0 GY 1.140746 00 

2.4f605E 05 VEL 9.07645E 114 R A N G  2.084538 02 GAM -1.028886 0 1  
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TR-793-8-302 
AL T 
sos 
GR 
GAMC 

T I M  
ALT 
sos 
GR 
GAMC 

i t n  
AL T 
sos 
GR 
UAMC 

T I M  
ALT 
sos 
GR 
GAUC 

T I M  
ALT 
50s 
GR 
GAMC 

T l U  

SOS 
GR 
GAMC 

TIU 
ALT 
505 
OR 
GAUC 

T I H  
b L r  
50s 
OR 
GAHC 

T I M  
AL T 
sus 
GR 
GAMC 

i L T  

1.517458 05 
1.09938C 0 3  
1.39247F 0 0  

-1.028H6F U 1  

1.3dOi01 02 
1.50126E 05 
l.OOb506 0 3  
1.47764e 00 

-1.OP886E 01  

PHI 5.652931 0 1  
L I F T  2.61437% 05 
ZDGT 1.1S356E-01 
THU 0 

YHT- -274t603E 0 5  
P H I  4.106388 01 
L I F T  2.75550E 05 

THN 0 
z D a i  L ~ ~ O ~ O E - O ~  

2 9.65dZ18 U1 
DRAR 2.202b2E U3 
ZB 2.790898 UZ 
GV 1.21062E 0 0  

ALPH J.OOOOOE 0 1  UbCH 8.256008 00 
CATM 1.369006 02 RCO 3.32353846 
XLON 1.754998 0 1  XLAT 2.819718 0 1  

- . 
VEL 9.051P31 0 3  
z 9.67C-311 U t  
DRAG 2.357361 OS 
ZB 2.78920E 02 
GV 1.284678 U O  

9.025418 0 3  
9.68653E 01 
2.480U3C 0 5  
2.78Y568 02  
1.36Jc9E U O  

__  - - - ____- 

_. .- _. . - ._ . .-. . - - - -- - 
RANG 2.099108 02  . GAM -l.U2888€ 01 
ALPH 5.00OVOC 0 1  I A C H  6.255196 

02 RbO 3.546268- 
OL SCAT 2.Bi94bE 

1.390POE 02 
1 . 4 8 5 l l f  05 
1.09363E 0 3  
1.567841 0 0  

- ~ . o ~ B R ~ E  01 

i.400onf 02 
1.46Y026 05 
1.00075E 63 
1.66330f- 0 0  

-1.078d6E U1 

1.47000F U2 
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ALT 2.31415E 05 PHI 1.60000E 02 Z 9.500906 0 1  ALPY J.OOOOOE 0 1  MACH 9.90468E 00 
S O T  - - 9 . 2 m g E  ET 1V-t ---l.SUqqbE 04 DRAG 1.11516E 04 a A T M  7 .924551 00 RCO 1.802261-07 
QR 6.96011E-02 ZDOT 3.5!812E-03 20 2.76348E 0 2  XLON 7.942526 0 1  XLAT 2.83814E 0 1  
UiUC-- 4.7UUUTE-UD TRR -- 0 GV 5.35929E-02 

In O.JOOOOt 01 UWI 2 . 4 C O U J t  0.) VtL 9.JlbdJC Ud U r n  G- Y.OU*lIt 01 w n  -T;mWi5€ m- - 
-SET - -  '937- U2 L I F T  -1.31408E 04 DRAG i . 1 2 2 8 5 E  04 a A T M  7.97559E 0 1  RCO 1 .81426EiOf-  - .- ALT 2.312S9E 05 PHI 1,55000E 02 2 9.50134E 0 1  ALPH 3.OOOOOE Dl MACH 9.89S631-00 

GR 7.009lSE-02 ZDOT 4 . r l l 5 8 E - 0 3  Z0 2.76384E 02 XLON 7.93999E 0 1  XLAT 2.83792E 01 
TAX- ; 9 . 7 o v n r ~ ~ - i s r -  TIT - 0 GV 5.410416-02 

m- -T.T€*m-Oa 
9.50187E 0 1  ALPM 3.OOOOOE 0 1  MbCH 9.89175E 00 

S O T  K4783OE 02 LIFT -i.SiSOOE 04 DRAG 1.13208E 04 OATH 8.036898 0 0  IbO 1.828576-07 
OR 7.067081-02 Z O O 1  5 .2Cl l9E-03 20 2.76410E 02 XLON 7.93146E 0 1  XLAT 2.037701 0 1  
QAMC -9T763lOE 0 0  THR 0 GV 5.469116-02 

i n  o.aououe uz mi t..ebOrt 0.)  VCL V . J / 4 B J E - D J  r r l a V ; P ( I P m  ar - w w  
4LT 2.300621 05 PHI 1.450OOE 0 2  2 9.502481 0 1  ALPH 3.01000E 0 1  MACH 
505 0.W8ZF08 -Lln -1.31776E 04 DRAG 1,142868 0 4  OATH 0.10862E 00 RCO 

- .  _-. . . 

OR 7,134821-02 ZDDT 6.050371-03 20 2.76455E 02 XLON 7.93493E 0 1  X L A T  
GAMC -9.7%00OE 00 THR 0 GV 5.535608-02 

' T l R  --6.67)PUOE-O1 UW 2.46603E 05 VEL 9.37104% 03 RANG 1.01419E 02 GbM -- 4LT 2.316208 05 PHI 1.4OOOOE 02 2 9.50317E 0 1  ALPH 3 .00000E 0 1  . M I C H  
SO5 9.492216 02 LIFT -1.35241E 04 DRAG 1.155248 0 4  OATH 8.19097E 0 0  RhO 
OR 7,212586-02 ZDOT 6.85641E-03 ZB 2.76490E 02 XLON 7.93239E 0 1  X L A T  
GAMC -9.70000E 00 THR 0 OW 5.61007E-02 

-TIW 6T7nCnoE-bi- YHT 2.4C603E 05  VEL P.37331E 03 RANG 1.02944E 02 GAM . _ _  - .. - . . . _  
ACT 2.303 508 05 PHI 1 .3  5000E 02 2 9.50394E 0 1  ALPY 3.O;OOOE 0 1  M A S K  
SOS 9.50048E 02 L I F T  -1.36898E 0 4  DRAG 1.16924E 0 4  OATH 8.284171 0 0  I ICO 
(1R 7,3&!58E-02 2007 7.675496-03 20 2.76525E 02 XLON 7.92986E 0 1  XLAT 
J ~ A N C -  ;9.70000€ 0 0  THR o GV 5 . 6 9 2 7 6 ~ - o a  

T I M  6 .@i iObE 01 YHl 2.4C603E 05 VEL 9.37264E 03 RANG 1.04469E 02 GAM 
ALT 2.30051E 05 PHI 1.30000E 02 2 9.50478E O I _ - j L P H  3.00000E 0% -MbCH 

OR 7.399091-02 204T 8.4235OE-03 2B 2.165606 0 2  XLON 7.92733E 0 1  XLAl 
GAMC -0.71000E 0 0  THR 0 Gv 5.78394E-02 

l 7 M -  6 .PUlOBFOl  UHT 2.4C603E 05 VEL 9.37204.E 03 RANG 1.05994E 02 GbM 
ACT 2.297241 05 P H I  1.25000E 02 2 9 .505691 0 1  ALPU 3 .00000E 0 1  MbCH 

I O  - 1 . 4 0  1 0 4  -aB*F- 1. €84-  O h t W -  8.5oI'clE~OO RFO :zs ;:gOi%-O: % 9.1.'bB3z-0.5 2B 2,%& 0 2  XLON 7.92480E 0 1  XLAr 

sos 9 . 5 0 9 6 0 ~  02 LIFT -1 .317541 0 4  DRAG i . i a 4 9 2 ~  04 O A T U  8 . 3 8 8 4 ~ ~  ou WI-o 

GAUC - 9 . 7 0 0 o o ~  oa ?ma-- o GV ~ . O C . ~ R ~ E - O ~  

2.837479 0 1  

-1.56539E 00 
9.875501 00 

2 .837251 0 1  
i . a 6 m ~ - o 7  

-1.740OOE 00 
9,86615E 00 
3.88579E-07 
2.837056 0 1  

-1.YI4OlE 00 
9.855988 0 0  
1 .9098lE-07 
2.836819 0 1  

-2.08736E 0 0  
9 .845011 0 0  
1.9364OE-07 
2.836581 0 1  



-4.09365E 00 

ALPY 3.0OOOOE 0 1  MACH 9.63451E 0 0  

TTn--- 1I.JBIVOE 0 1  UHT 2.4C603E 05 VEL 9.36834E 03 RAWG 1.27StSE 02 UAH -4.41116E 00 
ALT 2.222488 05 PHI 5.50000E 0 1  Z 9.522838 0 1  ALPY 3.00000E 0 1  MACH 9.61356E 00 - T.744926 02 L I F T  1.95836E 04 DRAG 1.666681 04 OAlH 1.156786 0 1  RCO 2.636OSE-07 
OR 1.0428OC-01 ZOO1 1.2Ci02E-02 ZR 2.77066E-&_ILON_- _728z4_tF__Oi_- EAL - 2.83_340E 0 1  __ 
O A K  -9.70000E 0 0  IHR 0 G- 

T?U -8.40000E 0 1  UWT 2.4C603E 05 VEL V.36827E 03 RANG 1.28836E 02 GAM :+.fb784E O O  
ALT 2.211146 05 PHI 5.0000OE 0 1  2 9.52405E 0 1  ALPH 3.OOOOOE 0 1  MLCH 9.5WOM 00" 

-mS 9.76675E 112 L I F T  2 . 0 i l l b E  0 4  D R A G  1.719608 0 4  OATH 1.1914OE 0 1  RCO 2.71498E-07 
GR 1.076108-01 ZDOT 1.217JLE-02 ZP 2.770998 02 XLQlN -7L0869L6-01 - - + A T  -2.83317E 0 1  

0 GV B.7253lb-OZ 

TIT %.SOOOOE 0 1  YHT 2.4C603E 05 VEL 9.36821E 03 RANG 1.303S7E 02 GAM -4.723121 80 
ALT 2 .207561 05  P H I  4.50060E 0 1  Z 9,525218 (I1 ALPH J.0000UE 0 1  UACH 9.569856 0 0  

, :? ~ : ~ % - ~ ~  :.1:%:-02 ' 2,::132E 0 2  XLON 7,884398 0 1  XLAl 2.03294E 01 
.o 0 4  R A  1. I % ~ ~ - ~ K T M - - -  i7~23i-m RL.O z . m 8 ? 6 8 - 0 7  

--GAHC -9.7OOOOE-00 IHR 0 G Y  9.03101E-02 

TTM #.66(1OOE 0 1  UHT 2.4C603E 05 VEL 9.36814E 0 3  RANG 1.310778 02 011 
ALT 2.19972E OS P H I  4.5OOOOE 0 1  Z 9.526418 01 ALPY 3.00000E 0 1  UACH 
905 T . 6 1 2 5 3 8  62 L I F T  Z.l 'J89lE 04 URIC 1.835658 0 4  OATM 1.267126 0 1  RCO 
GR 1.14914E-01 ZDOT 1 .1992lE-02 ZP 2.77;;5E-:: XLON 1.881876 Ol--_XLAT 

O*TIC79.?0000E 0 0  THR 0 GV 9.35 7E 

7117 8.70000E 0 1  UHT P.4C603E 05 VEL 9.36807F 03 RANG 1.33.197E 02 GAM 

-50s . l).b364IE 02 LlCT 2.23431E 04 DRAG t.OV914E 04 OAlH 1.3084% 01 RCO 
ALT 2 . 1 ~ 1 6 2 ~  05 pwi ~ . ~ O O O O E  01 z 9.527C5E 0 1  ALPY 3.OOOOOE 0 1  IIACH 

OR 1.189llE-0-1 ZDOT 1.24058E-02 ZB 2.171986 02 XLON !.%79JZE O! J l A T  
GAMC - 9 . 7 n o n o ~  00 THR 0 GV 9 . 7 0 0 9 9 E 7 - . - - -  

TTH a.8aoaoE 01 UHT 2 . i c 6 0 ~ 0 5  VEL 9 . ~ 6 7 9 8 ~  0 3  RANG 1 . 3 4 9 1 7 ~  02 G A M  

OR ~ . Z S ~ S A E - O I  ZDOT 1 . 2 e 4 5 3 ~ - 0 2  ZP 2 . i m i ~  02 XLON 7 . a 7 s a 3 ~  x i A r  

ACT 2.18328E OS P H I  4.500006 0 1  Z 9.52894E 0 1  ALPH 3.OOOOUE 0 1  WCH 
SOS V.86107E 02 L I F T  2.31440E 0 4  DRAG 1.96656E 04 OATH 1.352258 01 RCO 

GAHC -9.70000E 00 THR 0 GV 1.006768-01 

T I M  @.%lOOOE 0 1  YHT 2.4C6036 05 VFL 9.367886 03 RANG 1.364566 02 GAM 
ALT 2.174698 05 PHI . 4.5OOOOE 0 1  Z 9.530278 0 1  ALPY 5 .000008  0 1  WCH 

OR 1.276638-01 ZDOT 1.31119E-02 ZB 2.772646 02 XLON 7.87431E 0 1  - % i T  
G A M C  - 9 . 7 n o o o ~  00 THR 0 GV l . O 4 5 6 8 E - ~ l  

-'SOS--- V.BB6358 02 L I F T  2.399421 04 DRAG 2.038128 04  PATM 1.398666 0 1  

Tin- -9.oooaaF 01 UHT 2 . 4 6 6 0 3 ~  05 VEL 9 . 3 6 7 7 6 ~  os RANG 1 . 3 7 9 5 5 ~  02 G A M  

A f U  1.44782E 0 1  RCO 
LON 7 . 8 7 1 P K O l  XLAl 

-4.07bOOE 00 
9.547126 0 0  
2.887626-07 
_. 2.832711 01 

-5.03245E 00 
9.52383E 00 
2.98185E-07 
2:832478 0 1  

-5.186451 00 

3.08173E-07 
9.409978 0 0  

2 . n 3 2 2 4 ~  01 

-5.33998E 00 
9.47557E 0 0  
3 . i a 7 5 6 ~ . 0 7  
2.05281E 0 1  

-5.492998 0 0  
9.450638 00 
3.299606-07 
2.n~l_!78 01 

0 
__I_ . -  

- N  
P 
.Jl 
a, 
N 



TR-793-8-302 

I I M  9.9OQOQE 0 1  YHr 2.4t60JE 05 VEL 9.364.76 03  - l . ) i 6 l O E  0 1  GAM -6.841756 0 r -  - 
ALT 2.075211 09 PHI 4.500001 0 1  2 '9 .546871 0 1  ALPH 3.OOOOOE 0 1  RICH 9.203731 00 

T 3 .553858 04 DRAG 3.041488 04 G4TM 2.041621 0 1  RCO 4 . 6 5 6 2 9 6 4 7  
1- iL9-e75i~-02 28 2 . 7 7 5 9 0 ~  O P  XLON 7.849151 01 XLAT 2 . 8 2 9 6 4 ~  01 

0 GV 1.5*589E-01 

rrn I.OOOOOE oz uwi 2 . 4 ~ 6 0 3 ~  05 VEL 9 . ~ 6 3 7 1 t  OJ RANG 7.33iZTm-l;rST--:b;mTmE a o- 
ALT 2,06$94_E 05 - PHI 4.500001 0 1  Z 9.548959 0 1  ALPH 3.000001 0 1  MACH 9.17397t  00 
-WS- 1.020681 0 3  c i r -  3 . ? 5 6 4 8 € 3 4  DRAG 3.177891 04  QATM 2.128061 O i  RCO 4.894218-07 

OR 1.995218-01 Z D O l  2.(0269yE--02_ 20- 2.776136 02 XJON 7.846641 0 1  XLAT 2.829401 0 1  
OAHC -9XOmmO fiiR-- 0 GV 1.668758-01 

T I H  1 .OlQOOE 02  UH7 2.46603E 05 VFL 9.3628W~ OS RANG 1.54bJYE Q Z  GAH - 7 . 1 3 2 ~ b b  
ALT 2.a52238 _OS .PH_I-- 4LS0000E 0: -2 9.551128 0 1  ALPU 3.QQOlOE 0 1  llACH 9.143791 0 0  
SOS 1.02396f  03 L I F T  3.928868 04  ORAG-- 3.322478 04 OATH 2.219451 0 1  RCO 5.06360E-07 
OR 2.086471-01 ZDOT 2.1?182E-P xLon 7 . 8 4 4 i 3 ~  01 XLAT 2 . 8 2 9 1 6 ~  o i  

- ~ A ~ T 9 3 3 ~ 0 0 ~ 0 0  fHE' 

I l l  l . b Z V 1 I P E m -  
ALT 2.040691 05 PHI 4.500001 0 1  2 9.553396 0% Awn J . ~ O O O O E  01 w c n  9 . 1 1 3 1 7 ~  0 0  

- -- 
- I .  

- $ O S - -  1.02=9€ 33- L I F T  4;lliTPE-O4- -*RAG 3.47549E 04 O A T H  2.516041 0 1  RCO 5.285101-07 
OR 2.183141-01 ZDOT 2.27248E-01 2.776888 02 XLON 7.841621 01 X L A T  2.82891C 0 1  -om- 3 . f o a o w  in --THW - -- 0 1.852378-01 

ALT 2.02872E 05 PHI  4.500001 0 1  2 
5 0 3  - 1.0336fE $3 L I F T  - 4.5092-4E-04 DRAG 3.63771f 0 4  04TU 2.418131 0 1  RCO 5.519411-07 
OR 2.285588-01 ZDOT 2.379_bP-02 ZB 2 .777231 02 XLON 7.859111 0 1  X L A T  2.828676 0 1  

T A X C ' - - V  .7iiOTOFW THR -- - 0 bV 1.92f70E-01 

L I 1  1.04QOOt O r (  YHl Z.*COOJt 05  VtL 9 . J 5 9 # 3 t  UJ KANU i . > Y l l Y t  0 4  U a H  -/.96X=m- 

-5m --i;O34TlE OJ XTCT 4.510-47E OT DRAG 3.80957E 04 O A T H  2.526021 0 1  RCO 5.767236-37-- - .- 
ALT 2.016518 05 PHI 4.500008 0 1  2 9 . 5 5 8 2 6 ~  01 ALPU J.OOOOOE 01 w c H  ~.058206 00 

OR 2.394131-01 ZDOT 2.492278-0-2 20 2.77754E 02 XLON I .836606 0 1  XLAT 2.828421 0 1  
i S U I ~ ~ - - 9 ~ 7 0 0 ~ ~  Ob fNR 0 GV 2.01642E-01 

----- 

T.7U229E B O  
9.36088E 0 1  ALPH 3 .OQOOOE 0 1  MACH 9.01885S 00 

GR 2.50912E-01 ZDOT 2.612188-02 20 2.77787E 02  XLON 7.134098 0 1  X L A I  2.828181 0 1  
ixm- - ~ ~ T o m J E  OD rRR 0 GV 2.116866-01 

sas 1 . m m m  -GIFT 4 . 7 1 7 9 3 ~  0 4  o m  3 . 9 ~ 5 9 ~  0 4  aAtn 2 . 6 4 0 0 1 ~  o i  RLO 6 . 0 2 9 3 4 ~ - 0 7  

I L I  1.QbOOOt O d  U H 1  Z.*ebOJt 0 9  VbL Y.JY( IJ /e  0.7 NANU n-nM - / . s m m  ua 
ACT 1.991438 05 PHI 4.500001 0 1  2 9.563628 0 1  ALPH 3.OOUOOE 0 1  MACH 8.986591 0 0  
SO% - i . l l 4 i l S E  (15 T l F t  Cr15832E 0 4  DRAG 4.184371 0 4  OATM 2.760421 0 1  UCO 6.306538-07 

_. .. - 

OR 2.630941-01 ZDOT 2.754291-02 ZB 2.770201 02  XLON 7.831591 0 1  X L 4 1  2.827931 0 1  
bAHC -9.TOOObE 0 0  THR 0 GV 2.223358-01 

-TTR 1.U7UUlJE 02 UHT 2.4C603E 05 VEL 9.354561 03 RANG 1.657131 02 G L H  -7,979798 0 0  
ALT 1.978558 05 P H I  4.500001 0 1  2 9.566496 0 1  ALPU 3.00000E 0 1  U A C H  8.9S395E 0 0  

OR 2.759961-01 2DOT 2.874!31-02 ZB 2.778531 02  XLON 7.829081 0 1  X L A T  2.827691 01 
PAW ~-9.70QOOE 00 fHR 0 GV 2.33624E-01 

1.044741 03 L I F T  5.202381 0 4  DRAG 4.38850E 0 4  OATM 2.887601 0 1  -539964E-OZ-  

TTH- - 1.Bd6UUETZ URT- -2.S6663E 05 VEL 9.352541 OS RING 1.652231 02 GLM -8.111481 DO 
ACT 1.965468 05 PHI 4.500008 0 1  2 9.569511 0 1  ALPU 3.OOOOOE 0 1  HACH . 0.920911 0 0  
SOS 1.048381 0 3  L I F T  5.4CO88E 0 4  DPAG 4.604631 04 OATH 5-31 0 1  RCO 6.90956E-07 
OR 2~.89660E-O1 Z D O T -  _J20g8r(€-02 28 2.778811 02  XLON 7.821581 0 1  XLAT 2.027446 0 1  
GXHC -9.7flOOOE 0 0  THR 0 OV 2.455898-01 

TTW f .09U8lF 02 Y Y T  Z.lt613E 05 VEL 9.310791 03 R A N G  1.66732E 02 GAM -8 .251681 0 0  
ALT 1.95215E 05 P H I  4.500001 0 1  7. 9.572678 0 1  ALPU 3.OOOOOE 0 1  W C H  1.887481 0 0  

OR 3.041271-01 ZDO? J.lC818E-02 ZB 2.7795'01 0 2  %LON 7.824081 01 X L A T  2.827191 0 1  
GAHC - 9 . 7 0 0 o o ~  00 i n n  0 GV 2.58268E-0% 

*IT-- I . ' I I C U W 5 2  YHT Z.kFSOJFOJ VEL 9.347808 03  RbNG 1.682418 02 G L M  -8 .315321 0 0  
LLT 1.938628 05 PHI 4.50000E 0 1  Z 9.576008 0 1  ALPH 3.OOUOOE 0 1  HACH 8.85366E 0 0  

ir ~ : % ~ ~ ~ - ~ ~  %: ~ . & ~ ~ ~ ~ - ~ ~  ::%=02 XLON 7.821581 0 1  XLAT 2.826931 0 1  
OAHC -9.700TOE 0 0  fRR - -  0 EV 2.71701E-01 

e - 3 . 1 6 3 6 7 1  Ti- -mo- --- 7.23i2Z+6-07 

. e  us -m- 3.31-m~ur-mn-- 7.5835~-117 

ALT 1.924888 05 PHI' 4.500001 0 1  2 

2B 2.179871 0 2  XLON 7.8TqOBE 0 1  X L A T  2.826681 O i  
B - E V  2.USWOE-01 

.. 

. 

._ 

.- 

-7nT-TrZUUUFG--71AT-T3€6WF03 VEL 9.34ZlJPE~U3 RAN0 I.fiZ7YE 02 F I R  -8.647541 00 
ALT 1.910948 05 P H I  4.500001 0 1  2 9 .583181 0 1  ALPY J.OOOOOE 0 1  OACH 8.784986 00 I_ __ 

6-49 



TR-793-8-302 

T f M  1.17OOOE 02 WHT 2.4t6USE O F -  VEL 9.321VOh 0 1  RANI 1.787741 02 O M  -9.268781 00 

-OR_ 5.879151-01 Z O O 1  p .ZB 2.783701 02 XLON 7.79173% 01 XLAT 2.823791 0 1  
GAMLT--- -~~F%Y~E To- T n P -  0 GV 5.083701-01 

T I A - .  1 ; 2 m O V 6 2  U l i  2.4C603COS VEL 9.283391 03 RAMQ 3.877561 02 G A M  -9.879521 00 
ALI 1.745$41 05 PHI 0 9.616351 0 1  ALPM 3.000001 0 1  MLCH 8.395571 00 
SOS 1.10575E 03 LIFT 1.174991 0 5 ;RAG 9.8426JE 0 1  GAT*  6.1937BE 0 1  R t O  T G 7 S E - O b -  
GR 6.2155lE-01 ADO1 . . 0 ZB 2.784061 02 XLON 7.7892bE 0 1  XLAT 1.823521 0 1  
GAMC9.-8=571 00 THR 

'-7TW---i.T4bPBE iT2 WRT 2.4<603€ 05 VFL 9.274921 03 RANG 1.892481 02 GAM -9.95034E 00 
ALT 1.729161 05 PHI 0 2  9.62635% 0 1  ALPH 5.OOOOOE 01 MACH 8.307911 80 
50s 1 . I O ~ ~ S E  0 3  L w r  1.24519% 0 
GR 6.586201-01 ZDOT 

0 GV 5.378811-01 
__  

-OmC '~9.950341 00 THR 0 GV 5.7a4131.01 

-mi - i.muoa% 02 YRT 2,rrtaom (15 VEL 9 . ~ ~ 5 7 2 ~  oa RANI 1.90738~ oz GI# -3:ouisa~ oi .- 
ALT 1.713091 05 PHI 6 2  9.626391 0 1  ALPH 5.OOOOUE 01 ILCU 8.579591 00 
so5 1 . lo5751 03 L I F T  
GR 6.971801-01 ZDOT 

-GIAC -I.O015bC Ut TRR 0 GV 6.04220E-01 

'TnT 1.2600UE 0 2  WWT Z.lC603E 05 VFL 9.25573E 03 RANG 1.92226E 02 Ob? -1.007481 0 1  
ALT 1.69694E 05  PHI o z  9.626351 0 1  ALPU 5.OOOOUE 0 1  YACH-_>3_7C~SE 00 

GLMC- --i.on748~ 01 iua 0 GV 6.401151-0& 

sos 1 .lfl575E 0s T F T  1.395641 OS DRAG 1.1b858E 05 O A T M  ~ ~ ~ ~ - U b O  1.71175E-06 
OR 7,3_8138_1-01 ZDOT o ze 2.79511~ 0 2  XLON 7.7aia6~ 01 X L A T  2.822711 ai 

. - . - . . . . . . . 

T I M  1.270001 02 WH1 2.46603E 05 VEL 9.244901 03 R A N G  1.937138 02 
ALT 1.68071E 05 PHI  o z  9.626351 0 1  ALPU 3.OOOOUE 0 1  

GR 7.016131-01 ZDOT 0 ZB 2.7854bE 02 XLON- 7.779391 0 1  
soS 1.11~375~ 03 L I F T  1.477908 os D R A G  1.237331 or O A T H  7.75817~ 01 

T-1.012781 01 THR 0 GV 6.781961-01 

T I M  -i.ZblOOE 02 YHT 2.466OIE 05 VEL 9.233171 01 RkNG 1.951981 02 

V M  - 1 . Z W J f f E  02 YWS- 2.4E663E 65 VEL 9.2204BE 01 RANO 1.966811 02 
ACT 1864810E 05 PHI 0 2  9.626351 0 1  ALPU 3.OOOOOE 01 
505-  l.iO5751 03 LIFT 1.657631 05 b R A G  1.36747E 05 OATM 8.68601E 0 1  
OR 1.765701-01 ZDOT o LB 2.786is~ oa XLON 1 . 7 7 a 8 ~ 3 _ _ -  
2 0 GY 7.612 4 -01 

GLN 
U l C H  
RbO 
Xk!!- . 

G A M  
MACU 

XLAT 
w o  
-- 

GAM 
NACH 
RI.0  
XLAT 

-1.OlZ781 01 
8.360768 0 0  
1.81545%-06 

. 2.822441 0 1  

-l.O17*05 0 1  
8.550151 00 
1.92587E-06 
2.822171 0 1  . 

-1.021301 0 1  
8.33067% 0 0  
2.043351-06 

- 2.821905 0 1  

Tm f.30000E 02 YHT 2.4C603E 05 VEL 9.20677E 0 3  RANG 1.91162% 02 O W  -1.024451 0 1  
ALT 1.63174% 05 PHI 0 2  9.62651% 0 1  ALPH 3 .OOOOOE 0 1  NACH 8.326281 00 
SOB--- C.TO375E-03 L t P l  1.755521 05 DRAG 1.469PlE 05 OATH 9.189701 01 RI.0 2.16829E-06 
OR 9.282946-01 Z O O 1  0 28 2.796491 02 XLON 7.772035-4il- -XL_LT2.02!$31 0 1  

TIH 1.31OOOE il? YRT 2 X 6 0 3 E  OS VEL 9.19196E OS RANO 1.99640E 02 G A M  -3.026798 0 1  
ALT 1.615348 05 PHI n z  9.b2635E 01 ALPH 5.OOOOOE 0 1  IWCH 8.31290E 00 

-S03~-i.€b57$~03-LTF'- T35903F  0% D R i I  1.555621 OS OATM 9.720991 0 1  RkO 2.301011-06 

BAMC -1.02445~ ni Tun o GV a.mii----- 

XLAT 2.8213612: 

2.0406UE W 

. .. - _ _  - -  
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__  _ _  
T I M  1.38000E2 YHT 2.4660SE 05 VEL 9.OS183E OS RANG 6.09910E 02 GbM -1.OZ888E 0 1  
ACT l.SP126E 05 PHI  - 4.1.0638E 0 1  .-Z _ _  _92c7231E Or $LPU 3.OnOOOE 0 1  MACH 8.25519E 00 
SOS 1.096501 OS L I F T  1.795501 OS DRAG 2.3S736E 05 OATM 1.452831 02 RCO 3.546261-00 
OR 1 . 4 7 7 6 f E 2 . .  ZOO? 1.41_0409-01 20 2.7892_0€02 XLON 1.752581 0: XLAT 2.8194bE 0 1  

- O A M F  -1.028061 0 1  THR o iTv-- i-.Z3467L oa - - -  

r i n  1 .39000E 02 YHT Y 2.46603E os VEL n -1. 0 1  
ALT 1.4M511E 05 PHI  4.466141 0 1  2 
50s 1.093638 0 3  L I F T -  2-.96K161 05 DRAG 2.A8003E 09 OATH 1 .541411 02 RCO 3.7845SE-06 
GR 1 .567841 00 ZDOT 1.621901-01 28 2.789568 02 XLON 7,750188 0 1  XLAT 2.81917E 0 1  
GANC -1.02886E 01- THR 0 aV 1.31309E 00  

G A M  -r.oZT66€0i 
bLT 1.469021 05 PHI 4.7e465E 0 1  2 ' 9 .70686E 0 1  ALPH J.OOOOOE 0 1  MbCH 8.24849E 0 0  
SO9 i .09075E OS L I F T  3.14678E 05 DRAG 2.650981 OB PATH 1.634921 02 RCO 4.03947E-06 

1.663_505 00 ZDOT 1.81279E-01 20 2,789948 00 XLDN 7.74770E 0 1  XLAT 2.818885 0 1  
%MC - ~ 1 . 0 2 8 8 6 F  0 1  THR 0 GV 1 .446091 00 

-- - 
T I M  1.41OOOE 02  YHT 2.466031 05 VEL 8.966711 03--RiNG- -2 - .14257E322- i ibM 'f.@-88aE-Of 
ALT 1.452981 05 PHI  5.070039 01 Z 9.727321 U 1  ALPY 3.0OOOOE 0 1  MbCH 8.242365 00 
SO5 1.007881 0 3  L I F T  3.32782E 05 DRAG 2.790561 05 P A T I  1.733546 02 4CO 4.312171-06 
Gat 1.764241 00 ZDOT 2.046128-01 Z R  2.790321 02 XLON 7.?45401 0 1  XLAT 2.818589 O &  
GAHC -1.02806E 0 1  TWR 0 GV 1.5S3871 0 0  

T I M  1.42000E 02 H H l  2.4C6031 05 VFL 8.9S4221 0 3  R A W  2.156961 02 G A M  - 1 . 0 2 0 8 % % 0 ~  

50.5 1 .085011 0 3  L I F T  3.529711 05 DRAG 2:959151 #S PATH 1.837411 02 RCO 4.603869-06 
OR- 1.8708pE 00 -ZDOT 2.2641SE-01 ZR 2.7%721 02  XLON 7.743021 0 1  XLAT 2.818271 0 1  
GAHC -1.028061 0 1  THR 0 GV 1.626631 00 

T I M  1.43OOOE 02  YHT 2 .466031 05 VEL 8.899465 03 RING 2.171301 02  GAM - 1 . 0 2 8 ~ 0 i  
ALL 1.421061 05 PHI  5.562401 0 1  Z 9.77485E 0 1  ALPY 3.0OOOOE 0 1  MbCH 8.223916 0 0  
SOS l l 0 8 2 1 4 E  OS L I F T  3.752871 05 DRAG 3.13706E 05 P A T I  1.9466UE 02 I lk0  4.91583E-06 
OR L V I 3 4 9 1  00 ZDOT -2.4eK59E-01 ZB 2 . 7 V l l 3 E  02 XLON 7.740651 0 1  XLAT 2.817951 0 1  
GAMC -1 .028861 01 -THC 0 GV 1.724571 0 0  

:I!: 1.::5::: 0: .. ::::::E 0: 2 9.802061 0 1  ALPW J.000005 0 1  MACH 8.211326 00 
SO5 1;0%28E OS L I F T  3.P77731 05 DRAG 3.32463E 05  PbTY 2 .061471 02 RCO 5.24941P-06 
OR 2.10223E 00 ZOOT 2 . 7 ~ 0 9 6 E - 0 1  ZB 2.791551 02  XLON 7.73U291 0 1  X L A T  2.617625 0 1  
GAMC -1.02836@ 0 1  THR 0 GV 1.027871 00 

TIH i.45oooE 02 YHT 2 .466031 os  VEL 8.822681 03 R i N O . i S W  02  o r w i 7 S s i T a F - o i  - -  
ACT 1 .389411 05 PHI  (1.913246 0 1  2 9.831688 0 1  ALPH J.000001 0 1  # I C Y  8.396301 00 - - 
Sos i . 0 ' 7 6 4 2 ~  03 L i F i - .  4.211658 05 DRAG 3 . 5 2 2 1 5 ~  05 PATI 2.181871 02 HCO 5.606051-06 
OR 2,227316 00 ZDOT 2.96256E-01 ZR 2.792001 02 XLON 7.755951 0 1  XLAT 2.81729C 0 1  
GAHC -1.02086E 0 1  THR -- 0 6V i . 9 3 6 7 0 E  00  

- 
ALT lL?3_6q9E _a5 PHI  5.3tJ901 0 1  2 9 749961 1 ALPY J .OOOOOE oi M a w  8.234219 00 

__ .-- 

1. 0 0 0 VEL 8 .-NF-- --m- - - - x ~ B ~ E  ri 

ALT i .37369E 05 PHI  6.1540SE 0 1  2 9.863031 0 1  ALPH 3.000001 0 1  MACH 8.1787061 06  
SOS- 1 .073571 OS L I f f  4.464bOE 05 DRAG 3.72989E 05 OATH 2.30794E 02 UCO 5.98724E-06 
OR 2.398928 0 0  ZDOT 3.214561-01 ZP 2.79216E 02 XLON 7.733621 0 1  XLAT 2.UlbP4P 0 1  
G4MC -1.028869 0 1  Tun 0 GV 2.051241 00 

,114 1.470POh 02 YHT 2.4erUX 05 VEL 8 . f J I ) J Z t  0.I 7nUiAG-Y.2T8U6F-UZ--FnT- -TX?BB8E-b1 
ALT 1.358041 05 PHI 6.320721 0 1  Z 9.89861E 0 1  ALPU 5.OOOOOE 0 1  HACH 8.158371 0 0  
SO$ l i 0 7 0 7 2 K  OX L I F T  4.72607E 05 DRAG 3 . 9 4 8 0 8 1 ~ 0 5  O I T H  2.439711 02 RCO 6.39455E-06 

OR 2.497201 00  ZDOT 3.478088-01 20 2.792941 02 XLON 7.731301 01 XLbT 2.81658E 0 1  
GAMC -1.02886E 0 1  THR ' 0 Gv 2.171601 0 0  

TTH i . 4 0 0 0 0 1  02 YHT 2.46603E 04 VEL 8 .607341 OS RbNG 2.242081 02 GbW -1.028889 0 1  
ALT 1.342481 05 PHI 6.474676 0 1  Z 9.916151 0 1  ALPU 5 OOOOOE 0 1  8.135146 0 2 -  

GR 2.642291 00 ZDOT 3.75416s-01 Z R  2.793431 02 XLON 7.728998 0 1  XLAT 2.816211 0 1  
1.067881 0 3  L I F T  5.001121 05 DRAG 4.176901 05 QbTM -77169 02 -$?!---- 6. n 2 9 i 0 6  

G I M C  -1.028061 0 1  THR o GV 2.297921 on 
-fIa-- 1.490001 02 YHT 2.4660JE 05 VEL 8.63630E 0 3  RANG 2.256021 02 GAM -1.02B88E 0 1  

bLT 1.327011 05 PHI  6.617041 0 1  2 9.97659E J .000001 0 1  ALPY 0 1  UACH 8.10885E O O _ -  
SOS 1.065056 0 3  L I F T  5.289331 05 DRbQ 4.41646E 05 OATH 2.720228 02 RCO 7.29421E-06 
GR 2.79426E 0 0  ZDOT 4 .04300e-01  2 8  2.793951 02 XLON 7.726701 0 1  XLAT 2.8lS82E 0 1  

Y f M  1.5000OE Or YHT 2.46603E OS VEL B.512061 0 3  RbNG 2.269871 02 GbM -1.02888E O i  
ALT 1.31163_E 05- P H I  6.74884E 0 1  Z 1 .002011 02- -bLPW J.OOU.OOE 0 1  MACH E.O/p_JS_E 0 0  
SOS 1.06222E 0 3  L I F T  5.S9081E 05 DRAG 4.666821 05 O b l M  L.86876E 02 RbO 7.790056;06 
OR 2 .953171 00 ZDOT 4.347978-01 2B 2.794496 02 ' XLON 7.72443E 0 1  XLbT 2.815421 0 1  
GAMC -1.028866 0 1  THR 0 GV 2.568691 0 0  

-1TK - -f.J+OOCF 02 YWT 2 . U 6 0 3 1  09 VEL 8.524491 0 3  RbNQ 2.283641 02 GbM -1.02088E 0 1  
bLT 1.296566 05 PHI  6.870941 01 2 1.00667E 02 bLPH 3.0000UE 0 1  U I C H  8.046451 00 
SO5 1.05941E OS L I F T  5 .905571 05 -DRbG 4.92736E'nr-XfSC- 3 . 0 2 2 ~ E ~ - W O  -6;51wSE-06 
OR 3 . 1 r 9 0 l E  00 ZDOT .__~4.66759E-Ol 28 2,795068 02 XLON 7.722181 0 1  XLAT 2.81501E 0 1  
GAMC -1 .928061 0 1  THR 0 GV, 2.71318E 0 0  

TlK I .32000F-QI -  HUT K m b T F B T -  VEL- -6.363441 03 RANG 2.297311 02 GbH -1 ,028881 0 1  

0 GV. 3.020151 00 

. _. .. 
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OPTION 1 

_ .  

__I-- 

. 

I I R  1.1 
bLr 1 . v  
SO5 1.0 
OR 2.7 I 2.84V7 
G b r C  -_YL7 - 

1 1 1  1.40tIn'i' I 1  Y-l 2.4C603E 05 VFL Y .561 'bL  b J  *AND r '.17104€ Ill GAM l . 0 1 0 3 6 t  00 
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I 
n 

~ . * 4 6 5 v t  n i  

7 .  I 4 J O I t  a0  
v . 5  124ut O U  
J.28Vb4t . 0 7  
L.n4bJIE 0 1  

5.7ZV45.t 00 
9 .29354t  00 
J . l l l b 4 C - 0 7  
L.04b14E 01  
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TIM ~ . n n o n w  111 W I  2 . 4 t 6 p 3 ~ p 5  _ _ V E L  9 . 4 5 6 1 ~ ~  u5 RANG 5 . 5 5 4 8 7 ~  01 w n  J . ~ W W E  00 
ALT 2.252LbL 115 Pnl 1.60dOOE 0 2  7 9.50uulE U1 ALPH 3.UbUObt 0 1  (ILCH 9.7737Jh 00 

GAMC - ~ . 7 o o n o c  uo  TUG 0 GV 6.*721UC-U1 

. 

____ T I M  4.8nOIlnF u 1  Y h l  2.4ConJF 05 VFL 9.404'1E U J  RANG I . J V C 4 b F  01 b b M  1.61476E 0 0  
UACH Y , Y U l Y U t  0 0  4LT Z .m%t n, 0 ' $ 1  l .O iOI IUF07 7 9 . 3 U ' t l t  u 1  ALPH J .BOUUUE u i  

SOS 9.404'11F ' 7  L I F T  -1.3e2yj_53p4 U R A b  * . lh+n JE 114 O A 1 M  d.2612VE 0 0  H+O 1 . 1 6 9 l l E - 0 7  
OR 7 . ? ~ 7 n 7 ~ ; 1 1 ~ - - 2 ? 1 ~ 1 -  6 LB 2.757v lE  0 1  *LON 7.978012 0 1  X L A I  2.d4125E 0 1  
GAMC -9.7nnanl- i l l $  TUG 0 Gv 3 . J 8 v v u E - u i  
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t 

A L T  1.45292b 05  P H I  4.50000E 0 1  Z 9.508016 0 1  ALPH 0 MACH (1.154241 0 0  
sos 1..011_7_87_,03- xJLI_ 0 DRAG 5.757818 U4 O A l M  1.95Y95E 02  RCO 4.31314E-06 

GAMC- -9.7OOO_Oc-OU_ -TtHt- 0 GV 5.301/8€-02 

ALT 1.431176 05 PHI 4.5000OE 01 2 9.500016 01  ALPW 8 'MACH 8.78439P 00 
sos ~ . ~ P ~ E U J _  0 DRAG 6.287796 04  Q A T M  2.15764E 02  *CO r . 3 5 3 g E 9 l 6  ._- - .- . 
OR 2.84976E-01 2001 
GAMC - 9 . 7 n o n o ~  uo Tnfi - 0 GV 5.859eUE-02 

T I M  1.390nUE 02 Y H I  2.4C603E 0 5  VEL 9.519796 0 3  RANG 2.17795E 02 W M  -1.54474E 01 
AL 0 1 6 6  4.5000UE 01 z 9.50l i l~ lE  01  ALPM 0 dbCH 8.814651 00 
SO: :::11:00E :: ~ ~ ~ T w  0 DRAG 6.87748E U 4  Q A T M  2.339946 02  RkO 5.16394E-06 

GAMC - 9 . 7 n o n w  n u  THR 0 GV 6.485621-02 

T I M  1.400OUC 02  WHT 2.466036 05 VEL 9.516876 03  HANG d.143OBE 0 2  UAM -1.360941 0 1  
9.YUUUlt 01 ALPW U MLCH 8.844V6t 00 ::; ::%z :: 3 7  4.5"000t 0 DRAG .7.534¶31 04 R A T M  L.555SlE 02 M C O  5.66520E-06 

GAMC -9.70000' 0 0  THfi 

T I M  1.4lOflOF 9 2  WYI 2.4C603E 05 YfL 9.5131SE UJ RANG 2.1582Ut 02 G L M  -1.577146 0 1  
A L T  1.3A437F 15 PHI 4.5llUOOE 0 1  Z 9.50LsulE b l  ALPH 0 HbCH 8.8T524E 0 0  
SO5 1.07181F 0 5  L l F l  0 DRAG 8.267obE u!- OATM 2.817356 02 WCO 6.62622t-06- 
GR 3.35262F-rll ZBCT 
~c - 9 . 7 ~ u . w u ~ ~ k -  ________ 0 GV 7.98UBbE-02 _- __ - _ _  _ _  - 
T I M  1 . 4 2 0 0 0 t  112 YHI 2.4t683E 05 VEL 9.508466 0 3  H I N G  2.1733UE 0 1  G b M  -1.J9334E 0 1  
A L T  1.34160h 015 PHI 4.5POQOE 0 1  7. 9.50l1016 ( I 1  ALPH 0 l lLCH U.YO541E 0 0  
SOS 1.06772e U 3  L I F T  0 DRAG 9.0867% U4 OATH J.09895E 02  

0 ZB 2 7 % ~ ~ ~ ~ 7 ~ ~ . ~ 6 6 ~  %l-%?l- 2'.82u4dE-01 OR 3.6R478E-01 ZI ICT 

OR 2.33485*-01 2041 o ZB 2 . 7 8 5 ~ 5 ~  02 XLON 7 . 7 5 2 6 3 ~  o x  XLAT 2.a21536 01 

TIM I . S R O ~ B F  a2 uwr 2.4~603~ 05 VEL 9.521976 u3 RANG Z . I I ~ B ~ E  02  GAM - i . ~ z 8 5 4 ~  n i  

0 ZR 2.785615 02 XLOW 1 . 7 5 0 i i ~  01 XLAT 2 . 8 2 1 3 1 ~  01 

- ~ -  

_. 
_- -__- __ - ___ - _- 

d ZB ___-__ - XR----2T)'BBP9E-Ol 7361 2.785fll t  02 XLON 7 . 7 4 J b a  0 1  x u i  2.112109t 01 __ - 

-73- 5 . 0 5 5 3 3 F - 0 1  ZDDT 0 Zfl 2.1861J t  U 2  m-7- 0 1  xL*Tc2;kcbBmi------ 
0 GV 7*'5?LE-!? - . . . - - - - .- . ____-________ __- 

- _ _ _  -. n ZR T X ~ ~ E - U ~  ~~iiii' - 7 7 4 m i ~ - i j i  X T T - - - ~ ~ %  01 
____ 

b.lI552ZE-06 . - . . . ____- - 
0 L - C  ___- - - ___ _ -  - __ --. -__. GAHC -9 .7_00"FO~_-  y"- 

T l H  1.430OOh 02 WHT 2.4660JE 05 VEL 9.502/35  U3 RANG C.188JIIE 02 GbM -1.409566 0 1  
A L  I I . J I M ~ ~ F  4 2  PHI . i . ~ n u n u t  a t  z 9.IUUBtt Ut ALPH U W C H  8.YJ535E 00  
SOS 1.0h35Ub 0 3  L I F T  0 DRAG l . O O l l J 3 E  U 5  D A l H  J.4:415t 02  *CO 7.56164E-Ob 

GANC -9.70000F U U  TPR 0 GV 9.8791~2E-02 _ _ _  _ _  
OR 4.05642E-Vl X-- 0 ZR 2 . 7 m i i ~ i n  ~ L O N - ~ . ~ X  ~ T - - - x ~ A T - -  7 . a m a m -  

. ._ - .. . - 

- .  T I M  1.499fJUE 02 WHI 2.4C603E 05 VEL 9.437S1E.VJ- R?KG 2 . 2 7 8 9 E  QL_-GA-M -1.20/15E 0 1  
0 MLCH 9.1U184E 0 0  ALT 1.17345F 05 PHI 4 . 5 0 0 0 0 6  0 1  Z 9.50tlUlE 6 1  ALPY 

SOS 1.03686f 03 L I F T  0 DRAG 1.841. lk  05 U A l M  6.312601 02  UCO 1.41754t -05  
, 66 - 0 ZR 2 . 7 4 W Z k  Ui. XLON I -7226eE U t  XLAT Z.8189UE 0 1  

-. -. - - % . . 4 . h o Z  :t - -. E' A_- GY_ - - J = ~ 4 ~ > 2 E ~ l l l  - -  

T I M  1.54000G 02  YHT 2.46603E 05 V E L  9.31588E 0 3  R A N G - 2 . 3 S 2 4 1 E  02 GAM -1.589366 0 1  

SO9 1.01296F 0 3  L I F T  0 DR)G 3.18862E 05 OATH 1.0962UE 0 3  U C O  2.226666-05 
AL r 1.05022E O!, Phl  4.5000QE 01 Z 9 . s o ~ ~ i u ~ ~ i ) ~ p w  -- 7 m c w  - -v;lis(I3E-oc - - - - -- 

- . __ . ._ - - - - ~ ~ -  .. 

._ . .- ... .. 6-59. . . . ~ . ... .. .. .- . . ~. 
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" 
- 

i 

1 

I 

.65640 

.20109  
sos 9 .92799 f  02 L I F T  0 D R A G  5 .045 ! lE  05 Q A T M  1.73494E 03 R I . 0 -  4.15756 
GR 2.04503F 0 0  ZUCT . 0 ZB 2.79063E 0 2  XLOk I .  7oo;lrrolXL A T 2 .81699  
GAMC -9.7f l000E 0 0  TbG 0 GV 5 .83030E-01 .  

___ T I M  __ - - 1 . 5 9 ~ 0 0 1 ~  02  wbr ___- 2 * 4 6 6 0 3 E  0 5  VEL _____________ 9.07396E 0 3  ____ RANG 2.4?4796 U2 -. G P M  -1 .67344  
ALT 9.20931E 04 PWI 4 . 5 o o n 0 ~  01 z 9.50fl01E 0 1  ALPH II M b C H  - -Y.-l4j?56 

0 D R A G  5.66252E 05 Q A T M  _ _ _ _  1-.94767E 03 d C 0  4 .  ?309V 
GR 2 . 2 9 6 2 l F  0 0  ZDOT 0 ZB 2.791187E 62 XLON XLAl 2 .81678  
GAMC - Y , ~ ~ O O U E  n o  TC;R 0 GV 6 .611bUE-01 

sos .. 9.87635E __.. 02 L I F T  ,69835Ei-I 

T I M  43U97E 02  GPM -1.69U63 
ALT 0 MPCH 9 .16485  
sos 2.18598E 0 3  HI.0 5 , 3 9 2 9 3  
GR 2.578146 110 ZDCT 0 ZB 2'.79110€ 02  XLON 1.6999YE 01 xLAT 2.81657 
GAMC -9.7n000F 0 0  ThH 0 GV 7.49741E-62 

T I M  1.610flOE 02  WHT 2.4C603E 05 VFL 8.92415E 0 3  RANG 2.453026 0 2  GAM -1 .70799 
8.6H573E 04 PHI  4.54000E 0 1  Z 9.5UOulE 0 1  ALPH 0 MPCH 9 . 1 3 2 5 1  

ALT sos 9.771H5E 0 2  L l F T  0 DRAG 7.13563E CS O A T M  d.45198E 03 RI.0 6 . 1 5 7 6 1  
GR 2.89357E 0 0  ZDCT 0 ZB 2.79154E G2 XLON: -- -7 .~69J66E 01 XLAT 2.81637 
GAMC - 9 . 7 n o n n ~  0 0  THF~ fl G V  8 .49854E-I I1  

T I M  1 . 6 2 o o n ~  02  w r  2.4C605E 0 5  VEL 8.M33H7E 0 3  RANG 2.46692E 0 2  G A M  -1.72555 
8.423 3F 04 PHI  4.50000E 0 1  Z 9.5UOlilE b l  ALPH [I MLCH 9.08919 

GR 5.245031- 0 0  ZPOT 0 ZR 2,791576 02  XLON 7 . 6 9 2 3 6 E m T  XLAT .2.81617 
GAMC -9.700DflE 0 0  THR 0 GV 9.62SbUE-01 

8.73181E 03 RANG 2.48067E 02  GbM -1.74335 T I M  1 .630006  02 WHT 2 . 4 t 6 0 3 E  0 5  VEL 
A L T  8.1617Rk 04 P H I  4.50000E 01 i! 9;50(101E 0 1  ALPH U MPCH 9.U1967 

U .  03866 
2.61597 

-____- 

A L T  sos 9.719;PE 02  L I F T  0 D R A G  8.00233E 0s QATH 2.747476 03 +tba 7. (14143 

_____._ ._ 

T I M  1.64000E 02  WPT 2.4C603E 05 VEL 8.61768E 03 RANG L .4942JE 02  UbM -1.76139 
U MACH 8.90177 A L T  7 .900566 04 PHI  4.50000E 0 1  Z 9.50001E 0 1  ALPH 

sos 9.68086E (12 L I F T  0 DRAG 9.87659E 05 QATH J.38097E 03 HCO. 9.10524 
GR 4.0f l506E 0 0  ZDOT 0 2% 2.19202E u2 XLON 1.6e6MJE 0 r XLAT 2.81577 
GAMC -9 .70000 f  0U ThH n G V  1.21193E 0 0  

D o  .G& CONTROL. 
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7 

CL 2 

........................................ .................. ... .................................................... 
"*I ""C*C,, ................................................................................................................... 

VGL 
I 
I l Y L l i  

7 0  

v i  L 
I 
I 1 Y A . .  

I R  
GI, 

V I L  
I 
I?**<,  
I M  
1: " 
...... ............... ...................... .................... ...................... 

. I  I - 4 1 6  n t  
e .P'Vl nt i t , .  
I 4  ( * 4 t . . I ,  
. . . - a * . *  ,,I 

.................................................................................................................. 
! I * $ *  G C A 1 : U f n  ................................................................................................................... 
' I t 4  7 '490Onc * * I  2 a+hliJl- 0% <tL ' . 0 4 J  I C  I U I k G  , I I ~ V ~ ' C  L 2  u b H  . ? .* ' .<7 . l r  t1<1 

A I  < I 9 V 4 I L  ,,4 i.r, 'I / / . B 4 v . . Y t  $1, 1 L " Y  , . U h I 8 * I  U U  *)IC* 1 . 6  ' V 7 b  !>I' 
i l l 5  P h R l R S t  ' I >  L I b l  2 hZI~L, '3f  R', U P A I .  ) . 4 7 , , l f  t.2 i l b ' M  b 4 1 . > d t  I 'Z M I 0  % * - $ r ! ' 6 - 0 4  
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Appendix 

WEIGHT DATA 

The following Tables A-1 through A-3 and Figures A-1 through A-15 present  

a weight breakdown and s t r u c t u r a l  comparison f o r  d i f f e r e n t  types of bomber, 

cargo, and f i g h t e r  a i r c r a f t .  This d a t a  w a s  compiled f o r  use i n  advance launch 

s t u d i e s  . 
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B-176 

B-243 

8-25 

B-26C 

B-29A 

8-32 

B-36H 

B-45C 

B-47E 

B-50A 

B-52G 

B-57C 

B-58A 

8-668 

B-70 

Tab1 e A-1 . BOMBER AIRCRAFT { Concl uded) 

ARMAMENT 

POUNDS 

5534 

89 44 

2552 

1572 

5300 

3705 

15796 

9080 

18620 

4025 

10720 

6103 

6636 

10625 

26000 

STRESS 
GROSS 
WE I GHT 

POUNDS 

48726 

41 00 

261 22 

26000 

105000 

100000 

357500 

931 21 

220000 

120000 

2761 00 

38689 

107250 

78000 

554609 

STRESS 
LOAD 

FACTOR 

POUNDS 

4.5 

5.5 

5.5 

6.75 

4.5 

4.5 

3.0 

4.5 

3.0 

4.0 

5.25 

7.5 

4.5 

4.8 

3.0 

. STRESS 
FUEL 

WE I GHT 

POUNDS 

471 0 

7570 

2620 

2669 -- - 

21 083 

30672 

170840 

30942 

11 5345 

31 680 

97996 

3766 

45588 

23 1 70 

3291 26 

MAXIMUM 

KNOTS 

285 

290 

257 

324 

354 

31 2 

365 

498 

528 

347 

553 

5 20 

1147 

559 

1721 
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C-47A 

C-54G 

C-74A 

C-82A 

6-976 

c-l18A 

G119G 

c-121 c 
C- 1238 

C-124C 

C-l30A 

C-1315 

C-133A 

KC-1 35A 

STRESS 
* FUEL 
WE I GHT 

POUNDS 

4848 

735 1 

27322 

11 320 

24349 

32760 

15636 

24400 

5745 

22769 

23999 

10420 

11 7360 

1 10000 - 

Tab1 e A-2. CARGO A I  RCRAFT (Concluded) 

STRESS 
CARGO 
WEIGHT 

POUNDS 

21 60 

13560 

281 37 

2508 

46500 

141 94 

4584 

31640 

16000 

55262 

25000 \ 

12246 

38927 

69860 

STRESS 
LOAD 

FACTOR 

4.65 

4.50 

3.00 

5.50 

3.72 

3.75 

4.50 

3.75 

4.50 

3.75 

4.50 

4.72 

3.75 

3.00 

v MAX 

KNOTS 

202 

268 

202 - 

246 

334 

320 

253 

320 

21 0 

288 

332 

278 

305 

.418 

,418 

_ _  - ..411 

.434 

.429 

,418 

434 

.431 

.436 

,411 

.435 

.421 

.410 

COS A 

1 .oooo 
1 .oooo 
1 .oooo 
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F-84G 

F-86K 

F-89D 

F-94C 

F-1 000 

F-1O1A 

F-l02A 

F-104C 

F-1040 

F-105B 

F-106A 

F- 1 07A 

F - i u # i  

T-33A 

Table A-3. FIGHTER AIRCRAFT (Concluded) 

M2 

.682 

.81 

1.071 

.81 

.937 

.949 

1.896 

2.25 

1.40 

4.00 

4.00 

4.32 

4.08 

5.93 

9.00 

ALT 

S.L. 

S.L. 

10600 

35000 

35000 

35000 

35000 

36000 

35000 

76550 

t - ave 
C 

10 

11.5 

9 

7 

6.5 

4 

3.4 

4.6 

4 

2.3 

1 2  
7 PVM 

421 

428. . 
. -  - 

265 

231 

274 

170 

487 

526 

496 

148 

1 
M 
- 

1.47 

1.23 

_ _  1.23 . 

1.17 

.527 

.444 

.714 

.250 

.250 

231 

.245 

. IS7 
-115 
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